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Abstract 

The  Colombian  Air  Force  recently  installed  a  logistics  operating  system  to 
improve  the  logistics  system.  However,  the  inventory  cost  and  turnover  have  not  stopped 
growing;  subsequently,  the  operational  readiness  has  been  affected.  The  purpose  of  the 
study  was  to  compare  the  performance  of  several  forecasting  techniques  to  improve  the 
current  planning  process  of  aircraft  parts  in  the  CAF.  The  research  used  five  phases. 

The  first  phase  identified  the  relevant  factors  and  the  forecasting  techniques 
selected  for  the  experiment.  The  factors  were  repairability,  demandability  and 
uniqueness.  The  forecasting  methods  were  single  and  double  exponential,  moving 
average,  autoregression  and  linear  regression.  The  third  and  fourth  phases  simulate 
additional  demand  data.  It  was  found  that  single  exponential  and  moving  average 
perform  better  than  the  others.  The  fifth  phase  found  that  the  forecasting  system  can 
provide  substantial  savings  to  the  logistics  system. 

Finally,  it  can  be  concluded  that  demand  for  most  spare  parts  cannot  be  predicted 
because  forecasts  always  contain  errors.  Then,  it  is  necessary  to  consider  additional 
improvements  in  logistics  operations  to  make  it  easier  to  live  with  demand  uncertainty. 
Among  such  improvements  would  be  a  shortening  of  the  resupply  time,  the  procurement 
lead  time,  and  of  the  repair  cycle  for  spare  parts. 
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A  FORECASTING  APPROACH  TO  IMPROVE  LOGISTICS 
PLANNING  IN  THE  COLOMBIAN  AIR  FORCE 


I.  Introduction 

In  recognition  of  the  importance  of  effective  and  efficient  procurement  of  aircraft 
parts,  this  thesis  presents  a  quantitative  analysis  of  the  use  of  forecasting  techniques  to 
predict  future  logistics  requirements  for  the  Colombian  Air  Force  (CAF).  This  chapter 
justifies  the  analysis  by  presenting  the  major  issues  surrounding  logistics  in  the 
Colombian  Air  Force,  such  as  aircraft  operational  readiness,  inventory  investments,  and 
inventory  turnover.  The  chapter  then  provides  the  rationale  for  conducting  a  quantitative 
study  to  predict  future  requirements  in  the  CAF  logistics  system.  The  research  problem, 
objective,  and  investigative  questions  follow.  Finally,  we  provide  a  summary  of  the 
methodology  employed  with  a  description  of  its  scope  and  limitations. 

General  Issue 

Through  the  years,  the  Colombian  Air  Force  (CAF)  has  developed  its  own 
logistics  system.  This  system  consists  of  a  Logistics  Headquarters  with  its  directorates  of 
maintenance,  supply,  foreign  market,  armament,  and  purchasing.  The  logistics  process 
control  is  centralized  at  the  CAF  headquarters,  but  the  execution  is  decentralized  at  the 
operational  air  commands.  The  budget  for  the  entire  operation  is  annually  assigned  and 
divided  in  accordance  with  the  customer's  requirement.  In  the  earliest  1 990's  the  CAF 
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logistics  statistical  results  [EMA3  03-98, 1998]  showed  some  improvement  in  the  rate  of 
aircraft  readiness  but  responsiveness  was  not  enough  to  cover  the  operational 
requirements.  Another  result  showed  an  approximate  100%  increase  in  average  inventory 
cost.  At  the  same  time,  the  inventory  turned  over  approximately  once  every  four  years. 

In  addition,  the  annually  allocated  budget  was  insufficient  to  increase  aircraft  readiness. 

Under  this  situation,  the  CAP  ordered  a  complete  revision  of  its  logistics 
procedures  to  find  the  common  cause  for  these  results  [JET  01-97, 1997].  The 
investigation  concluded  that  several  issues  were  affecting  the  process.  First,  there  is  a 
difficulty  in  sharing  logistics  information  within  the  logistics  process.  Second,  the 
reliability  of  logistics  information,  especially  related  to  historical  records  and  spare  parts 
consumption,  is  not  good  enough  to  enhance  the  logistics  process.  Third,  there  are  no 
standard  procedures  to  plan  future  requirements  of  aircraft  spare  parts.  Finally,  the  work- 
order  process  is  not  used  to  initiate  corrective  and  preventive  maintenance  activities. 
Because  of  this  evaluation,  the  CAF  bought  a  logistics  information  system,  EQUALS,  to 
be  implemented  in  1998. 

Research  Problem 

The  CAF  recently  installed  a  logistics  operating  system,  EQUALS,  to  improve 
communication,  reliability,  flexibility,  and  accuracy  of  the  logistics  information  flowing 
through  the  supply  channel.  However,  the  initial  results  showed  that  the  inventory  cost 
and  turnover  have  not  stopped  growing;  subsequently,  the  operational  readiness  has  been 
affected  by  the  lead-time  within  the  supply  channel.  This  is  a  problem  because  budget 
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allocations  require  accurate  estimates  of  the  product  volume  to  be  handled  by  the  logistics 
system.  Under  certain  circumstances,  especially  during  short  term  planning  such  as 
inventory  control,  logisticians  often  find  it  necessary  or  useful  to  produce  forecasting 
information  [Ballou,  1992:108-109]. 

Purpose  of  this  Research 

The  purpose  of  the  study  is  twofold.  First,  this  thesis  will  compare  several 
forecasting  techniques  to  be  used  with  consumable  and  repairable  items.  The  second 
purpose  is  to  provide  a  procedure  for  the  Colombian  Air  Force  to  plan  future  aircraft 
spare  parts  requirements  based  on  forecasting  techniques  using  the  information  provided 
by  its  logistics  information  system. 

Contribution  for  the  Colombian  Air  Force  Logistics  Managers 

The  purpose  of  this  research  is  to  provide  the  CAF  a  forecasting  approach  to  plan 
future  aircraft  spare  parts  requirements.  This  approach  provides  the  CAF  and  the 
"Jefatura  Tecnica"  (Logistics  headquarters)  with  the  following  contributions: 

1.  Improve  procurement  decisions  of  future  requirements.  The  implication  of 
this  contribution  is  that  forecasting  techniques  will  allow  managers  to 
understand  demand  patterns  and  concentrate  efforts  in  developing  and 
improving  forecasting  techniques  in  other  areas  of  the  organization. 
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2.  Improve  operational  readiness.  A  robust  forecasting  system  will  improve  the 
operational  readiness  because  of  the  accuracy  of  the  spare  parts  planned  to 
have  in  inventory. 

3.  Improve  budget  allocations.  The  implication  associated  with  the  budget  is 
that  a  good  forecasting  estimate  increases  the  cost  effectiveness  ratio.  The 
cost  effectiveness  ratio  is  defined  in  terms  of  every  "peso"  ($  1.00  dollar  = 
$1,300.00  pesos)  invested  per  flying  hour. 

4.  Improve  inventory  turnover.  Developing  a  reliable  and  accurate  forecasting 
system  will  allow  the  CAP  to  increase  the  inventory  turnover  gradually  by 
reducing  the  average  inventory  and  increasing  the  sales. 

5.  Observations  on  the  forecasting  approaches'  weaknesses  and  strengths.  The 
implications  associated  with  this  contribution  are  that  managers  will  have  a 
greater  imderstanding  of  and  confidence  in  forecasting  techniques. 

Research  Question 

Ballou  suggests  that  the  forecasting  of  demand  levels  is  vital  to  the  firm  as  a 
whole  as  it  provides  the  basic  inputs  for  the  planning  and  control  of  all  functional  areas, 
including  logistics,  marketing,  production  and  finance  [Ballou,  1992:  108-149].  In  this 
case,  forecasting  is  studied  as  an  important  aid  in  effective  and  efficient  planning  in  the 
CAP  logistics  environment.  The  research  questions  are  as  follows: 
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1 .  Can  forecasting  techniques  improve  the  planning  process  of  future 
requirements  for  aircraft  spare  parts  with  the  current  information  provided  by 
the  CAF  logistics  information  system,  "Equals"? 

2.  What  forecasting  technique  is  more  appropriate  for  each  demand  pattern 
category? 

Research  Hypotheses 

To  answer  the  research  questions,  a  factorial  experiment  will  be  conducted  to 
measure  the  performance  of  several  forecasting  methods  on  several  types  of  demand 
patterns.  The  hypotheses  to  be  tested  are  that  forecasting  methods  can  improve  supply 
performance,  and  that  forecasting  techniques  do  not  work  equally  well  on  all  demand 
categories. 

Hlot  No  performance  difference  exists  between  forecasting  techniques  and  current 
demand  management  techniques. 

Hl^:  At  least  one  forecasting  method  is  different  from  current  demand 
management  techniques. 

H2o:  No  performance  differences  F,  =  F2...=F„  in  all  demand  categories. 

B2^:  At  least  one  forecasting  technique  differs  from  others. 

Research  Approach 

Three  phases  will  be  used  to  evaluate  the  logistics  requirements  using  different 
forecasting  techniques  with  the  data  provided  for  the  experiment. 
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The  first  phase  is  to  identify  the  characteristics  of  the  aircraft  spare  parts  demand 
pattern  and  determine  the  forecasting  techniques  to  be  used  during  the  study.  This  phase 
includes  the  following  specific  requirements: 

1 .  Categorization  of  C  AF  spares  in  terms  of  critical  factors  in  demand  patterns. 

2.  Select  a  sample  of  aircraft  spare  parts  to  be  used  in  the  experiment  based  on 
the  critical  factors. 

3.  Select  a  time  horizon  to  forecast. 

4.  Determine  the  forecasting  techniques  to  be  used  during  the  experiment. 

The  second  phase  of  the  experiment  consist  of  measuring  the  performance  of  the 

forecasting  methods.  This  phase  include  the  following  specific  reqmrements: 

1 .  Perform  forecasting  on  the  spare  parts  selected  for  the  experiment. 

2.  Perform  a  general  factorial  procedure  to  provide  an  initial  analysis  of  the 
dependent  variable,  the  forecasting  error,  affected  by  the  factors  and  the 
treatments. 

3.  Perform  the  appropriate  statistical  tests  to  determine  if  there  are  any 
differences  in  the  performance  of  the  forecasting  methods. 

The  third  phase  consists  in  prepare  and  perform  the  simulation  experiment.  This 
phase  includes  the  following  requirements: 

1 .  Conceptualization  of  the  model  to  be  used  during  the  simulation  process. 

2.  Analysis  of  the  data  to  be  used  in  the  experiment. 

3.  Verification  and  validation  of  the  simulation  model. 
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4.  Production  runs,  and  their  subsequent  analysis  to  estimate  the  measures  of 
performance. 

Scope  and  Limitations 

The  sample  to  be  analyzed  is  a  convenience  sample  because  the  actual  Air  Force 
data  is  in  the  process  of  migrating  to  its  new  logistics  information  system.  There  were 
some  obvious  limitations  to  the  data.  First,  the  data  analyzed  by  aircraft  model  consisted 
of  demands  generated  by  8  aircraft  at  only  one  geographic  location.  Secondly,  the 
detailed  knowledge  of  individual  parts  present  gaps  in  information  for  all  the  demand 
data  studied.  The  gaps  represented  are  on  applicability  of  parts  to  aircraft,  relationship 
between  part  numbers  including  information  on  interchangeable  parts,  substitutable  parts, 
parts  that  are  component  of  a  higher  assembly,  and  parts  that  are  independent  in  an 
operational  sense. 

Another  deficiency  in  the  data  studied  is  that  some  additional  major  maintenance 
was  performed  to  the  Bandeirante  and  the  Fokker  during  the  period  covered  by  the  data; 
but  it  was  not  documented  properly.  For  certain  parts,  this  maintenance  appears  as  a 
normal  consumption;  thus,  it  is  affecting  the  demand  patterns  during  the  period  being 
investigated. 

Finally,  some  unit  cost  for  the  Dash  8  repairable  item  approximates  the  real  repair 
cost,  since  most  of  the  unit  cost  for  the  items  issued  represents  the  leasing  value. 
However,  this  cost  data  has  no  effect  on  the  underlying  distribution  of  the  demand  for 
spare  parts. 
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Assumptions 

The  analysis  of  this  research  adopt  the  following  assumptions: 

1 .  The  sample  presents  a  similarity  with  the  CAP  in  maintenance  and  supply 
procedures. 

2.  Similar  time  series  components  between  the  commercial  airline  and  the  CAP. 

3.  The  unit  cost  of  each  item  was  provided  in  “pesos”  (Colombian  currency),  the 
transformation  to  dollar  value  was  based  on  $US  1.00  equal  1,300.00  “pesos”. 

4.  The  repairable  unit  cost  of  the  Dash  8  in  some  cases  approximate  the  repair 
cost  because  the  price  used  is  the  leasing  value  but  not  the  repair  cost. 

Chapter  Summary  and  Organization  of  the  Research. 

This  chapter  presented  the  reader  with  the  environment  of  the  research,  the 
specific  problem,  the  research  purpose,  the  research  and  investigative  questions,  the 
managerial  contributions,  the  hypothesis,  the  scope  and  limitations,  and  the  underlying 
assumptions.  Chapter  II  describes  the  critical  issues  in  the  logistics  channel,  the  current 
forecasting  concepts,  and  the  type  and  characteristics  of  demand  patterns.  Chapter  HI 
discusses  the  research  methodology.  Chapter  IV  presents  the  results  and  analysis  of  the 
data  collected.  Finally,  Chapter  V  provides  the  conclusions  and  recommendations 
derived  fi-om  the  research. 
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II.  Literature  Review 


Introduction 

This  chapter  discusses  the  significant  issues  in  logistics,  the  current  forecasting 
concepts,  the  nature  of  aircraft  spare  parts  demand,  and  the  logistics  system  related  to  the 
research  problem.  First,  the  chapter  gives  a  description  of  the  critical  issue  in  a  logistics 
environment.  Second,  the  chapter  describes  the  Colombian  Air  Force  logistics  system. 
Third,  the  chapter  provides  the  main  characteristics  of  the  CAF  logistics  system, 
EQUALS.  Fourth,  the  chapter  introduces  the  most  useful  forecasting  techniques 
appropriate  for  the  research  environment.  Finally,  it  describes  the  measures  to  achieve 
forecasting  accuracy. 

The  Importance  of  Logistics 

According  to  Lewis  and  Talalayevsky  [1997:141,157],  logistics  is  the  discipline 
that  studies  the  flow  of  goods  and  services,  and  accompanying  information  within  and 
between  organizations.  The  essential  issue  in  logistics  is  the  coordination  among  all  the 
activities. 

The  first  consideration  for  management  is  to  decide  the  strategic  direction  for  a 
company;  it  means  to  “see  the  big  picture”  [Casper,  1997: 175-178].  This  overall 
direction  is  outlined  and  translated  into  a  corporate  plan  of  action.  The  corporate  plan  is 
then  divided  in  sub-plans  for  the  functional  areas  of  business,  such  as  marketing. 
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production,  and  logistics  [Ballou,  1992:29-49].  The  corporate  plan  regarding  logistics 
includes  decisions  in  locating  warehouses,  setting  inventory  policies,  designing  order 
systems,  and  selecting  modes  of  transportation.  Having  this  framework,  the  logistics 
strategy  has  three  objectives:  cost  reduction,  capital  reduction,  and  service  improvements. 

Research  suggests  [Razzaque,  1997:18-38]  that  before  starting  to  deal  with 
logistics  systems,  it  is  advisable  to  study  your  own  cormtry’s  logistics  system  (where  the 
firm  is  growing).  This  logistics  approach  could  be  useful  for  less  developed  countries. 

An  important  issue  in  this  analysis  is  to  understand  that  the  sophistication  level  of  the 
logistics  system  evolved  within  a  firm  is  essentially  a  micro-system  built  on  the  basic 
framework  of  the  nation's  macro  logistics.  If  a  country  does  not  have  a  good  base 
network  of  dependable  transportation,  warehousing,  communication  and  other  related 
facilities,  desired  configuration  of  the  network  will  be  difficult.  The  challenges  in  many 
less  developed  countries  are  to  develop  a  logistics  system,  mainly  by  management 
involvement  and  logistics  education.  Literature  reveals  that  in  those  cases  an  anticipatory 
logistics  plan  could  alleviate  the  inefficiencies. 

Ballou  [1992:29-49]  and  Abouzolof  [1 997:2-9]  state  that  once  the  strategic 
direction  has  been  defined,  then  the  priority  is  to  plan  the  logistics  activities.  One  way  to 
look  at  the  logistics-planning  problem  is  to  view  it  in  the  abstract  as  a  network  of  links 
and  nodes  [1992:29-49].  Links  represent  the  methods  for  transmitting  information  from 
one  geographic  point  to  another.  Nodes  are  the  various  data  collection  and  processing 
points.  Information  for  planning  is  derived  from  sales  revenue,  product  costs,  inventory 
levels,  warehouse  utilization,  forecast  and  transportation  rates  [Ballou,  1992  p:  29-49]. 
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Mentzer  [1994: 215-227]  states  that  the  information  system  is  a  component  of  the 
logistics  control  system  and  should  provide  relevant  information  to  the  logistics  manager. 
In  the  next  century  the  need  for  more  accurate,  comprehensive,  and  timely  control 
systems  will  become  highly  pronounced.  In  addition,  the  logistics  organization  will  focus 
more  on  customer  satisfaction  and  resource  management. 

Other  studies  [Gloss,  1997: 4-17]  by  logistics  experts  representing  the  world  class 
logistics  organizations,  suggest  that  the  logistics  operating  and  plaiming  systems  are 
highly  valued.  There  is  also  empirical  evidence  to  support  that  logistics  operating  system 
(LOS)  and  logistics  planning  system  (LPS)  assessments  are  predictive  of  overall  logistics 
competence.  LOS  includes  transactional  applications  such  as  order  entry,  order 
processing,  warehousing,  and  transportation.  LPS  includes  coordinating  applications 
such  as  forecasting,  inventory  management,  and  distribution  reqmrements. 

Other  experts  [Bardi,  1994:  71-83]  argue  that  logistics  information  systems  (LIS) 
are  a  powerful  approach  to  deal  with  the  business  diversity  by  optimizing  logistics  costs, 
customer  service,  information  integration,  and  customer  linking.  These  experts  also 
identify  the  relationship  between  corporate  logistics  goals,  competitive  environment,  and 
the  strategic  importance  of  information  to  top  management  supporting  the  LIS. 

Sengupta  [1996:28-33]  for  example  presents  the  areas  of  forecasting,  purchasing, 
production,  storage,  and  distribution  as  potential  improvement  in  a  logistics  environment. 
Korpela  [1996: 169-168]  suggests  that  one  of  the  most  important  issues  for  a  good 
inventory  management  is  to  have  a  demand  forecasting  capabilities  for  the  basis  of 
planning  of  production,  transportation,  and  inventory  levels. 
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One  good  example  [Martin,  1997:54-58]  of  using  the  demand  projections, 
inventory  strategy,  and  streamlining  the  supply  chain  is  the  experience  done  at  Xerox 
Corporation.  With  this  information,  the  benefits  obtained  at  Xerox  Corporation  were  the 
inventory  reduction,  the  increase  in  product  support,  and  high  customer  service. 

Mecham  [1997:  78-79]  presents  another  case  used  by  AlliedSignal  Aerospace's 
worldwide  repair  and  overhaul  network  to  improve  its  logistics  system.  By  means  of  new 
software,  AlliedSignal's  active  inventory  is  maintained  at  minimum,  while  ensuring  the 
orders  are  filled  promptly.  This  software  provides  a  new  tool  to  forecast  demand,  plan 
inventory  levels,  and  allocates  distribution  of  its  spare,  repair,  and  upgrade  parts.  The 
AlliedSignal's  essential  issue  is  better  planning,  not  necessarily  a  means  to  improve 
forecasting.  The  critical  point  is  knowing  which  parts  you  have  to  deal  with,  when  you 
have  to  deal  with  the  suppliers,  and  what  actions  need  to  be  taken. 

The  Colombian  Air  Force  Logistics  Environment 

The  Colombian  Air  Force  has  been  in  operation  since  1919  [FAC,  1985:2].  Its 
operational  bases  are  located  all  around  the  country,  where  the  weather  can  be  highly 
variable,  sometimes  presenting  extreme  differences  of  temperature,  humidity  and  salinity. 
The  CAF  consists  of  12  Operational  Bases  [JO A  12-97, 1996: 2-10],  including  the 
Military  Academy  and  one  Repair  Maintenance  Facility  similar  to  a  depot  in  the  U.S.  Air 
Force.  The  CAF  includes  airplanes  and  helicopters  from  different  coxmtries  around  the 
world.  Some  aircraft  were  manufactured  in  the  United  States,  others  in  France,  Spain, 
Brazil,  Israel,  Russia,  and  Holland.  The  logistics  system  to  support  the  operational  flying 
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reqxiirements  is  organized  under  one  large  logistics  agency,  named  “Jefatura  Tecnica” 
(Logistics  headquarters)  and  six  directorates  [Manual  de  Mantenimiento,  1994:4-45]. 
These  directorates  are  maintenance,  supply,  foreign  market,  purchasing,  armament,  and 
education  and  technical  training.  This  organization  also  includes  a  staff  for  planning, 
special  projects,  and  quality  control  as  well. 

Logistics  Issues 

For  the  purpose  of  this  research,  the  issues  to  be  addressed  related  to  the  logistics 
problem  will  be  concerned  only  with  those  that  are  affecting  the  inventory  cost,  inventory 
turn  over,  and  readiness. 

The  complexity  of  the  logistics  activities  was  mainly  caused  by  the  fact  of  many 
foreign  aircraft  manufacturers:  The  United  States,  France,  Holland,  Spain,  Israel,  Brazil 
and  others.  This  factor  includes  frequently  dealing  with  and  handling  different  languages, 
procedures,  and  regulations. 

Another  logistics  problem  is  the  purchasing  process  of  new  or  used  aircraft  spare 
parts  [Su^ez,  Interview,  1998].  This  process  has  to  deal  with  the  long  period  required  in 
some  cases  for  the  manufacturer  to  process  the  requisition.  If  the  part  requested  is  a  high 
demand  item,  the  lead  time  between  the  time  the  requisition  is  issued  to  the  time  it  is 
received  in  Colombia  is  about  3  or  4  weeks.  If  the  part  requested  is  a  low  demand  item, 
and  if  it  requires  a  special  production  order,  the  lead  time  will  be  higher  than  40  weeks. 

In  some  cases,  this  lead  time  can  be  up  to  80  weeks. 

The  process  to  repair  aircraft  spare  parts  at  intermediate  or  depot  level  [Melendez, 
D.  1996,  30-50]  is  another  issue  to  be  considered.  This  process  can  be  performed  in  two 
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ways.  One  option  is  to  repair  the  item  at  the  CAF  depot;  the  second  option  is  to  send  the 
part  to  be  repaired  in  a  foreign  coxmtry.  The  repair  process  at  the  CAF  depot  is  also 
affected  by  the  purchasing  process  described  previously;  on  the  other  hand,  the  estimated 
provisions  for  spare  parts  at  the  depot  include  the  need  to  request  well  in  advance  the 
material  required  to  perform  the  level  of  repair  required.  The  lead  time  in  this  case  can  be 
up  to  3  or  4  years.  The  second  option,  send  to  a  foreign  country,  is  affected  by  the  CAF 
purchasing  process  and  the  scheduling  availability  at  the  supplier  shop.  The  lead  time  in 
this  case  ranges  ifrom  several  weeks  to  2  or  3  years. 

The  estimation  of  provisioning  of  aircraft  spare  parts,  consumable  and  repairable, 
is  based  on  historical  data,  on  technical  experience,  or  actual  needs  [Bohorquez,  1997]. 
However,  in  most  of  the  cases  [Su^ez,  1995:  52-53],  this  estimate  is  based  on  the 
judgment  and  experience  of  the  people  involved  at  all  levels,  rather  than  on  reliable  data 
and  quantitative  methods. 

The  Inventory  Problem 

The  inventory  issues  can  be  viewed  from  two  different  angles  [Melendez,  D. 
1996:80-85],  inventoiy  cost  and  inventory  turn  over;  however,  these  two  measures  are 
related.  The  aircraft  manufacturer  diversity,  the  purchasing  process,  the  repair  process, 
and  the  prediction  of  future  needs  are  the  drivers  for  the  high  inventory  costs,  which  in 
turn  affect  the  inventory  turnover.  Table  No.2  shows  the  inventory  costs,  the  average 
inventory,  the  purchases  and  sales,  and  the  inventory  turnover  in  1995. 
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Table  1.  Inventory  Costs  in  1995  at  the  Colombian  Air  Force 
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Depot 

$4.50 

$7.30 

$2.64 

$9.16 

$6.83 

0.39 

Tactical 

$0.49 

$1.02 

$0.30 

$1.21 

$0.85 

0.35 

Academy 

$1.31 

$2.12 

$0.73 

$2.70 

$2.00 

0.36 

Transport 

$4.50 

$9.20 

$1.87 

$11.83 

$8.17 

0.23 

Helicopters 

$9.29 

$16.00 

$6.75 

$18.54 

$13.91 

0.49 

Fighters 

$9.92 

$19.16 

$4.38 

$24.70 

$17.31 

0.25 

Total 

$30.01 

$54.80 

$16.67 

$68.14 

$49.07 

0.34 

Note:  Values  are  approximation  in  millions  of  dollars  [Melendez,  D.  1996:  25] 


The  statistics  during  1995  show  in  summary  that  the  inventory  cost  grew  up 
approximately  127%  (US$38,1 00,000.oo)  with  respect  to  the  initial  inventory.  During 
this  period  the  inventory  turnover  was  very  low,  0.3  turns  per  year.  If  sales  remain 
constant  and  no  additional  purchases  are  needed,  the  CAF  will  need  approximately  4 
years  to  renew  the  total  inventory  [Melendez,  D.  1 996:  86].  However,  these  conditions 
are  almost  impossible  to  achieve.  Therefore,  it  seems  more  real  to  state  that  the  CAF 
inventory  will  continue  to  grow  in  the  following  years. 

The  CAF  Budget  Preparation  and  Allocation 

The  budget  assigned  for  purchasing  provisioning  spare  parts  is  prepared  two  years 
in  advance  [Suarez,  1998].  Then,  the  budget  is  allocated  to  the  operational  units; 
however,  almost  80%  of  total  procurement  of  aircraft  spare  parts  is  executed  directly  by 
the  logistics  headquarters  because  of  the  bureaucratic  organization  model  followed  by  the 
CAF,  as  well  as  the  lack  of  infrastructure  at  the  operational  bases. 

The  budget  preparation  [Suarez,  1995:46-53]  started  in  August,  18  months  before 
it  is  allocated,  with  the  publication  of  a  general  directive  by  the  Minister  of  Defense 
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(MOD)  to  be  complied  with  by  Military  Branches  (Army,  Navy,  and  Air  Force)  and 
National  Police.  Once  the  directive  is  received  at  each  branch,  it  is  relegated  to  the 
operational  units. 

When  the  operational  units  receive  the  budget  directive,  they  have  to  prepare  the 
budget  required  for  its  needs  for  a  point  located  eighteen  (18)  months  in  the  future.  The 
budget  required  is  prepared  at  the  operational  units  and  is  sent  to  their  respective 
headquarters  by  the  fourth  month  (November). 

Each  headquarters  revises  the  operational  unit  proposals  and  in  month  six 
(January),  present  a  consolidated  budget  to  the  Air  Force  Chiefs  of  Staff  for  his  approval. 
With  the  budget  approved  by  the  Air  Force,  it  is  sent  to  the  Joint  Chiefs  of  Staff  in  month 
seven  (February). 

Then,  the  financial  Budget  Division  [Su^ez,  1995:41-46]  at  the  MOD 
consolidates  the  proposals  received  for  all  the  Military  Branches  no  later  than  month 
eight  (March).  By  month  nine  (April),  the  financial  Budget  Division  submits  the  defense 
budget  to  the  Ministry  of  Finance  and  to  the  National  Planning  Department. 

In  month  twelve  (July),  the  Defense  budget  with  the  other  budgets  prepared  by  the 
other  ministries  and  departments  are  submitted  to  the  Congress  for  its  approval.  The 
budget  is  studied  at  the  Congress  and  between  month  14  and  month  15  (September  and 
October)  is  submitted  to  the  President. 

The  President  receives  the  budget  approval  from  the  Congress  no  later  than  month 
fifteen  (October);  then  he  has  30  days  for  its  acceptance.  Under  normal  circumstances, 
the  President  must  sign  the  Budget  Law  on  month  sixteen  (November).  If  for  any  reason. 
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the  President  does  not  accept  the  Budget,  it  is  returned  to  Congress  for  corrections.  Later, 
by  month  seventeen  (December),  the  revised  budget  is  sent  back  to  the  President  for  his 
acceptance.  Once  the  President  signs  the  budget  law,  the  budget  becomes  available  to 
spend  by  the  Colombian  Air  force  in  month  eighteen  (January). 

Aircraft  Readiness 

This  readiness  is  calculated  on  the  daily  basis  with  information  provided  by  the 
operational  units.  The  readiness  calculation  only  includes  the  aircraft  ready  for  flight, 
and  the  ones  that  are  in  corrective  and  scheduled  maintenance  activities.  As  a  part  of  the 
scheduled  maintenance,  the  aircraft  in  major  or  depot  maintenance,  and  those  undergoing 
a  major  modification  are  not  counted  for  the  calculation  [Manual  de  Mantenimiento, 

1994:  35]. 

The  aircraft  readiness  at  the  CAP  is  measured  as  the  number  of  aircraft  ready  for 
flight  per  day,  or  month.  Then,  at  the  end  of  the  year  the  “Jefatura  Tecnica”  presents  a 
readiness  average  for  operational  unit,  for  type  of  aircraft,  and  a  general  readiness  average 
for  the  CAP  [Manual  de  Mantenimiento,  1994:  35]. 

These  measure  of  performance  is  used  to  quantify  the  maintenance  tasks 
performed  at  each  operational  unit.  The  goal  established  by  the  Colombian  Air  Force 
headquarters  is  to  achieve  80%  of  readiness,  which  is  considered  enough  to  cover  the 
operational  requirements  [Gil,  1998: 2].  As  an  example  of  the  readiness  achieved  by  the 
Colombian  Air  Force,  the  average  during  the  last  7  years  has  been  almost  60%.  During 
the  period  1990  to  1995,  the  average  readiness  for  the  CAP  was  54%  [Melendez,  D. 

1995:  56],  then  for  the  following  two  years  the  average  readiness  increased  to  62%. 
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The  Colombian  Air  Force  Logistics  Information  System  -  EQUALS. 

The  logistics  information  system  used  by  the  Colombian  Air  Force  is  an  aviation 
management  software.  This  logistics  information  system  is  called  EQUALS 
[http://www.equals.net].  EQUALS  is  a  system  that  allows  the  CAF  to  integrate  some  of 
the  logistics  aspects  under  a  centralized  database  located  at  the  CAF  headquarters.  The 
main  function  of  this  system  is  to  provide  total  visibility  of  the  logistics  aspects,  such  as 
aircraft  maintenance,  spare  parts  purchase,  and  spare  parts  inventory,  to  enhance  decision¬ 
makers  ability  to  improve  customer  service,  reduce  costs,  and  improve  internal 
communications. 

The  customer  service  is  improved  by  providing  accurate  and  timely  information  to 
the  operational  bases  as  well  as  the  CAF  headquarter.  The  cost  can  be  reduced  through 
more  effective  inventory  management,  improved  scheduling  of  aircraft  and  tracking 
aircraft  availability,  while  providing  accurate  information  from  reports  and  charts  to  assist 
in  management  decisions.  The  internal  communication  can  be  improved  by  providing  a 
single  common  source  of  data  and  support  for  information  exchange  between  all  users  by 
means  of  an  integrated  electronic  mail  capability. 

Module  Components 

EQUALS  [EQUALS  home  page,  1997]  comprises  four  modules:  the  inventory 
and  warehousing  operation  module;  the  aircraft  maintenance  module;  the  international 
purchases  module;  and  the  employee  module,  to  integrate  the  CAF  logistics  system. 
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The  inventory  and  warehouse  operation  module  includes:  point-of-sale  data, 
purchase  orders,  delivery  order  tracking,  vendors,  configuration  tracking,  categories,  and 
departments.  This  module  provides  “stores  support”  which  permits  the  CAP  to  control 
all  facets  of  inventory  and  warehouse  management.  Vendors  have  access  to  the  system 
and  consumables  and  repairables  can  be  tracked  in  any  form  or  quantity  desired  by  the 
user.  This  data  can  be  used  to  forecast  demand  and  establish  optimum  stocking  levels. 
All  aircraft  spare  parts  issued  against  any  work  order  are  accumulated  in  the  system.  A 
point-of-sale  module  provides  the  ability  to  inventory  and  track  sales  of  any  aircraft  spare 
parts  consumed  by  the  CAP.  In  addition  to  this  module,  the  system  is  able  to  provide  a 
customizable  flight  hour  cost  based  on  the  flying  activity  and  spare  parts  consumption 
reported  for  the  operational  imits. 

The  maintenance  module  is  designed  to  provide  accurate  information  regarding 
aircraft  operating  times  and  cycles,  recurring  maintenance  tasks,  service  bulletins  and 
airworthiness  directives.  Because  EQUALS  is  an  integrated  system,  all  modules  provide 
maintenance  parts  usage  as  the  flight  information  is  updated.  Scheduled  maintenance, 
tool  calibrations  and  inspections  are  tracked  in  EQUALS,  providing  a  complete  reports 
system' including  any  spare  part  with  serial  number,  preventive  and  corrective 
maintenance  actions  and  inspection  reports.  In  addition  to  this  module,  work  orders  and 
time  sheets  for  maintenance  can  be  generated,  with  job  assignments  limited  only  to  those 
employees  showing  technical  skill  status  in  the  employee  module. 

The  employee  module  provides  the  ability  to  enter  data  for  every  employee  with 
required  qualification  status  in  the  CAP  according  to  internal  policies.  This  module 
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allows  qualified  individuals  for  assignment  to  certain  maintenance  tasks,  using  a 
certification  database,  and  tracks  individual  training. 

The  purchasing  module  is  designed  to  exercise  control  over  the  international 
logistics  and  acquisition  process.  It  includes  continuous  tracking  on  the  repairable  and 
consumables  purchasing  process,  the  aeronautical  parts  nationalization  process,  the 
supplier  contracts,  payments,  and  customs  fees.  The  input  concerned  with  the  tracking  of 
purchases  out  of  the  coimtry  is  updated  daily  from  the  CAP  purchasing  agency  located  in 
Fort  Lauderdale,  Florida,  USA.  This  module  allows  the  logistics  Headquarters  to  monitor 
the  purchase  status  at  any  given  point,  but  does  not  include  transportation  activity. 

Implementation  Plan 

The  CAP  acquired  the  system  in  the  first  quarter  of  1997  to  solve  the  lack  of  total 
visibility  of  the  logistics  map  and  to  improve  internal  communication  between  the 
logistics  agencies.  This  software  is  plaimed  to  be  implemented  in  phases  [Butler:  1998]. 
The  first  phase  consists  of  gathering  the  actual  information  used  by  the  software  and  to 
train  the  personnel  involved  in  the  implementation  process.  The  second  phase  includes 
the  installation  of  the  main  terminal  computer  at  the  logistics  headquarters  as  well  as  the 
first  node  at  the  “Comando  Aereo  de  Transporte  Militar”  (Military  Air  Transport 
Command).  Additionally  at  this  phase,  a  node  at  the  International  Air  Force  Purchasing 
Agency  will  be  installed.  The  third  phase  consists  in  the  activation  of  the  second  node 
located  at  the  “Comando  Aereo  de  Mantenimiento”  (Depot  Maintenance  Command)  and 
to  setup  the  internal  communication  capability  with  the  main  terminal  and  between  each 
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node.  The  fourth  phase  consists  of  the  activation  of  the  remaining  nodes  located  in  the 
other  logistics  agencies  involved  with  the  maintenance  and  supply  activities. 

The  complete  implementation  of  this  logistics  information  system  is  expected  at 
the  end  of  December  1998.  After  that,  six  months  of  operational  tests  will  be  conducted 
with  all  the  module  interacting  with  each  other  to  assess  the  real  capability  of  the  new 
system. 

Why  Forecasting? 

The  main  reason  for  planning  is  to  account  for  lead-time  and  rapid  changes  in 
procurement  costs  [Abbas,  1996:13 1-150].  It  assumes  that  there  is  a  time  lag  between 
awareness  of  an  impending  event  or  need  and  the  occurrence  of  that  event.  In  such 
situations,  Makridakis  [1998:  2-19]  states  that  forecasting  is  needed  to  predict  when  an 
event  will  occur,  or  a  need  arise,  so  that  the  appropriate  actions  can  be  taken.  Planning  is 
important  because  the  lead-time  for  decision  making  ranges  from  several  years  to  few 
days,  hours,  or  seconds.  In  this  case,  forecasting  is  an  important  aid  in  effective  and 
efficient  plaiming. 

Most  writers  [Makridakis,  1998: 2-19]  agree  that  both  forecasting  and  planning 
concern  themselves  with  the  future.  It  is  important  to  integrate  these  two  functions  within 
the  organization.  Knowledge  of  forecasting  techniques  is  of  little  value  unless  they  can 
be  effectively  applied  in  the  organization  planning  process.  That  knowledge  includes  an 
examination  of  the  planning  activities  within  an  organization  so  that  the  types  of  forecast 
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required  and  the  techniques  available  for  providing  them  can  be  tailored  to  the 
organization's  need. 

According  to  Makridakis  [1983:809]  forecasting  is  the  prediction  of  values  of  a 
variable  based  on  known  past  values  of  that  variable  or  other  related  variables.  Forecasts 
also  may  be  based  on  expert  judgements,  which  in  turn  are  based  on  historical  data  and 
experience.  In  a  later  source,  Makridakis  [1998: 2-19]  states  that  the  areas  in  which 
forecasting  plays  an  important  role  are  scheduling,  acquiring  resources,  and  determining 
resource  requirements. 

Ballou  [1992  p:  108-140]  states  that  the  need  for  demand  projection  is  vital  to  the 
firm  as  a  whole,  and  some  predictions  are  used  for  inventory  control,  economical 
purchasing  and  cost  control. 

According  to  Sengupta  [1996:28-33]  some  of  the  benefits  obtained  when  using 
forecasting  are  the  removal  of  organizational  and  functional  barriers,  early  visibility  to 
changes  in  demand,  and  a  single  set  of  plan  that  drives  and  integrates  the  information 
across  the  supply  chain. 

Why  Forecasting  at  the  CAF? 

Studying  the  series  of  logistics  issues  affecting  the  performance  of  the  logistics 
process  at  the  Colombian  Air  Force,  it  is  not  obvious  that  forecasting  techniques  can 
produce  benefits  to  the  entire  system.  To  focus  the  problem  it  is  useful  to  establish  the 
causes  surrounding  the  biggest  issues  affecting  their  ability  to  maintain  a  lower  level  of 
inventory  and  a  higher  aircraft  availability.  The  challenge  is  to  decrease  inventory, 
increase  readiness,  and  at  the  same  time  avoid  waste  in  the  budget.  The  problem  was 


22 


organized  using  a  causal  map  to  identify  if  the  forecasting  decision  would  lead  the  CAP 
to  success. 

A  cause  and  effect  diagram  [see  Appendix  A]  eased  the  task  of  identifying  what 
the  core  problems  in  CAP  logistics  were.  A  review  of  the  specific  problems  was 
rewritten  as  possible  management  objectives  relevant  to  the  overall  situation.  After  that, 
the  objectives  were  arranged  according  to  causes  and  effects. 

After  examining  the  possible  causes  and  effects,  the  causes  were  ranked  in 
accordance  to  the  one  that  produces  higher  weight  towards  addressing  the  CAP  concern. 
The  CAP  concerns  were  related  to  decreasing  inventory  costs,  increasing  readiness  and 
avoid  budget  waste.  In  addition,  the  major  causes  were  the  ones  that  produced  most  of 
the  effects  through  the  map.  Major  and  minor  causes  are  identified  in  the  causal  map. 

The  minor  causes  were  related  with  time  span  used  to  allocate  the  budget,  the  multiple 
countries  involved  in  the  logistics  system,  the  different  languages  to  deal  with,  the  wasted 
resources  due  to  a  bad  planning,  and  the  period  of  time  required  to  process  a  spare  part. 

Among  the  major  causes,  the  following  were  the  most  representative  of  this 
particular  problem.  Pirst,  there  is  no  policy  that  would  keep  a  certain  quantity  of  parts  as 
a  safety  stock.  Second,  the  poor  quantitative  decisions  tool  used  for  the  people  working 
at  the  Supply  Directorate  caused  the  inventory  to  increase.  Another  cause  was  the 
absence  of  a  standardized  plan  able  to  identify  in  advance  the  possible  aircraft  spare  parts 
required  in  the  future.  This  last  root  cause  could  be  addressed  by  the  implementation  of  a 
planning  or  forecasting  system. 
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To  summarize,  the  biggest  problem  the  CAF  was  dealing  had  to  do  with  the 
inaccuracy  of  the  information  they  were  using.  This  fact  affected  the  planning  capability 
of  the  organization,  making  the  budget  insufficient  enough  to  increase  aircraft  readiness. 

After  studying  the  causes  and  effects,  the  root  cause  of  all  the  CAF  symptoms  was 
as  a  lack  of  information.  Specifically,  a  lack  of  right  information,  for  the  right  person  to 
take  the  right  decision.  The  purchase  of  the  logistics  information  system,  EQUALS, 
would  enormously  help  the  CAF  to  solve  its  problem.  However,  this  logistics 
information  system  is  a  logistics  operating  system  and  not  a  logistics  planning  system. 
Therefore,  it  seems  that  establishing  a  forecasting  procedure  using  the  information 
produced  by  EQUALS  would  address  the  other  root  cause  and  produce  an  effect  on 
inventory  cost,  aircraft  readiness  and  budget  waste. 

Forecasting  Methods  For  Spare  Parts 

A  variety  of  forecasting  methods  are  available  to  management  [Makridakis,  1998: 
2-19].  These  range  from  the  most  naive  methods  to  highly  complex  approaches  such  as 
neural  nets  and  econometric  systems  of  simultaneous  equations.  There  are  several 
forecasting  techniques:  quantitative,  qualitative,  and  unpredictable  methods.  Quantitative 
methods  can  be  used  when  sufficient  quantitative  information  is  available.  They  predict 
the  continuation  of  historical  patterns,  and  are  useful  to  understand  how  the  presence  of 
some  variable  affects  the  behavior  of  others.  Qualitative  methods  can  be  used  when  little 
or  no  quantitative  information  is  available,  but  sufficient  qualitative  knowledge  exists. 
Unpredictable  methods  can  be  used  when  little  or  no  information  is  available. 
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According  to  Dussault  [1995:  9]  the  U.S.  Navy  and  Air  Force  approach  uses  a 
variety  of  forecasting  techniques  to  predict  demands.  Managers  may  select  a  certain 
forecasting  technique  depending  on  the  pattern  projected  by  the  data. 

The  Requirements  Data  Bank  System  (RDB)  used  by  the  U.S.  Air  Force  uses  four 
different  forecasting  techniques  [Dussault,  1995:10]:  moving  average  (four  and  eight 
quarters),  double  exponential  smoothing,  linear  regression  (known  as  PRELOG),  and 
manually  input  estimates  (primarily  used  for  new  items).  The  USAF  relies  on  the  eight 
quarter  moving  average  technique  for  two  reasons:  it  is  user  friendly  and  the  technique 
provides  stable  forecasts  under  fluctuating  demand. 

The  Statistical  Demand  Forecasting  System  (SDF)  used  by  the  U.S.  Navy 
[Dussault,  1995:1 1],  uses  various  forecasting  techniques  such  as  exponential  smoothing, 
double  exponential  smoothing,  moving  average,  linear  regression  and  non-parametric 
methods. 

Although  both  forecasting  systems  have  several  forecasting  techniques,  the 
technique  used  approximately  90%  of  the  time  by  both  services  is  the  moving  average 
forecasting  [Dussault,  1995: 9]. 

Another  study  [Clay,  1997:  817-823]  in  the  manufacturing  and  re-manufacturing 
industry  analyzes  methods  of  managing  the  supply  chain  of  automotive  service  parts. 

This  study  describes  the  use  of  simulation  to  evaluate  various  parts  forecasting  and  level 
setting  strategies  for  automobile  dealer  inventories.  Four  different  forecasting  algorithms 
were  evaluated.  They  were  the  single  exponential  smoothing,  double  exponential 
smoothing,  bayesian,  and  simple  moving  average.  Clay  suggests  that  exponential 


25 


smoothing  overestimates  sales  of  the  erratically  demanded  parts  which  dominate  dealer 
inventories.  The  bayesian  method  was  found  to  be  more  effective  in  forecasting  this 
erratic  demand  for  slow  moving  parts.  The  principal  weakness  of  the  bayesian  method  is 
that  it  requires  historical  sales  data  analysis  and  careful  selection  of  an  appropriate 
probability  distribution  of  sales.  According  to  analysis  of  part  sales  history  and  other 
published  works,  it  is  assumed  that  slow  moving  parts  demand  follows  the  negative 
binomial  probability  distribution,  for  which  variance  is  strictly  greater  than  the  mean 
[Clay,  1997:  821].  This  study  also  found  that  all  methods  perform  similarly  at  very  high 
fill  rate  levels  when  days  of  supply  was  reduced  from  45  days  to  27  days.  Once  days  of 
supply  falls  below  27,  the  simple  moving  average  and  the  bayesian  method  provide 
higher  fill  rates  than  all  others.  This  performance  comes  with  a  high  price.  Both  the 
simple  moving  average  and  the  bayesian  method  require  a  substantially  larger  inventory 
investment  than  the  two  exponential  smoothing  methods. 

Abbas  and  Hirofumi  [1996: 131-150]  present  an  integral  fi-amework  for 
forecasting  and  inventory  management  of  short  life  cycle  products.  These  products  are 
becoming  increasingly  common  in  several  industries.  The  research  was  motivated  by  the 
experiences  of  a  personal  computer  (PC)  clone  manufacturer.  This  industry  is 
characterized  by  a  quick  assembly  after  receiving  customer  orders,  no  finished  goods  in 
inventory,  fast  and  timely  deliveries,  and  component  procurement  costs  accoimt  for  80  to 
90%  of  all  product  costs.  Also,  the  cost  of  key  components  declines  over  time,  delivery 
lead  time  for  major  components  can  be  as  high  as  six  months,  and  the  demand  for 
products  is  highly  seasonal. 
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Under  the  circumstances  given,  a  useful  forecasting  system  must  accommodate 
the  unique  characteristics  of  the  short  product  life  cycle  environment  described  before. 
First,  because  of  the  rapidly  changing  procurement  costs,  accurate  medium-term  (monthly 
and  quarterly)  demand  forecast  is  necessary  for  a  cost  conscious  procurement  plan. 
Second,  since  the  procurement  lead  times  are  very  high,  the  forecast  must  be  made  fairly 
in  advance  of  the  product’s  introduction.  Third,  by  the  time  a  significant  demand  history 
is  available,  the  product  may  be  well  into  its  maturity  phase.  These  factors  preclude  the 
use  of  traditional  forecasting  methods  such  as  the  moving  average,  smoothing,  and  the 
Box-Jenkins  ARIMA  models  [Abbas,  1996: 140]. 

Instead,  Abbas  proposes  the  use  of  the  bass  diffusion  model,  which  is  a  seasonal 
trend  growth  model.  It  is  important  to  mention  that  the  behavioral  assumptions 
underlying  the  bass  model  are  relevant  only  in  a  monopolistic  situation  and  several  other 
factors  affect  the  process  of  diffusion.  Primarily  the  S-shaped  curve  and  parsimony  of  the 
model  influence  the  choice  of  the  bass-type  growth  model.  Abbas  also  notes  that  the  firm 
under  consideration  dominates  specific  market  segments  with  an  unmatched 
price/quality/service  advantage.  This  observation  lead  to  the  hypothesis  that  a 
monopolistic  curve  like  the  one  used  in  the  bass  diffusion  model  may  be  applicable 
[Abbas,  1996: 144]. 

The  main  advantage  of  this  model  is  that  it  can  be  used  to  forecast  sales  in  the 
absence  of  a  sales  history.  For  short  life-cycle  products,  the  optimal  life-cycle 
procurement  problem  under  demand  uncertainty  is  addressed  by  incorporating  the 
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uncertainty  within  the  parameters  of  life-cycle  cost  growth,  and  for  short  life-cycle 
products  that  exhibits  seasonality  [Abbas,  1996;  146] 


Forecasting  Algorithms 

The  most  common  forecasting  techniques  used  to  predict  demand  for  spare  parts 
in  the  U.S.  military,  and  in  the  two  manufactures  and  remanufacture  industries  are 
summarized  in  table  2; 


Table  2.  Most  Common  Forecasting  Techniques  Used  for  Spare  Parts 


cWrIbtw;.: 

P,CCoinputer 

Moving  Average 

X 

X 

X 

X 

Double  Exponential  Smoothing 

X 

X 

X 

Single  Exponential  Smoothing 

X 

X 

X 

Linear  Regression 

X 

X 

Non-parametric 

X 

Bayesian 

X 

Bass  Diffusion  Model 

X 

Box-Jenkins  ARIMA  Models 

X 

For  the  purpose  of  this  study,  the  forecasting  techniques  to  be  discussed  are  those 
that  are  related  to  the  aircraft  industry  and  manufacture  and  remanufacture  industry. 
Therefore,  the  focus  will  be  on  the  moving  average,  single  exponential  smoothing,  double 
exponential  smoothing,  ARIMA,  and  linear  regression. 

Exponential  Smoothing.  Probably  the  most  useful  technique  for  short-term 
forecasting  is  exponential  smoothing  [Ballou,  1992:117-1 18].  It  has  been  observed  to  be 
the  most  accurate  among  competing  models  in  its  class  for  many  applications.  It  is  a  type 
of  moving  average  where  the  past  observations  are  weighted  more  heavily  than  less 


recent  observations.  The  weighting  scheme  can  be  reduced  to  the  following  expression 
involving  only  the  forecast  from  the  most  recent  period  and  the  actual  demand  for  the 
current  period.  Thus,  the  formula  for  exponential  smoothing  is  illustrated  in  Equation  1 . 
F,„=a4,+(l-a)F,  (1) 

where 

F,^,  =  Forecast  for  period  following  t,  or  next  period 
t  =  Current  time  period 
A,  =  Demand  at  period  t,  or  current  period 
F,  =  Forecast  for  period  t,  or  current  period 
a  =  Exponential  smoothing  constant  (0<a<l) 

Choosing  the  proper  value  of  the  weighting  factor  a  depends  on  the  weight  placed 
on  the  demand  levels.  The  higher  the  value  of  a,  the  greater  is  the  weight  placed  on  the 
most  recent  demand  level.  This  higher  value  allows  the  model  to  respond  quickly  to 
changes  in  demand  levels.  On  the  other  hand,  the  lower  the  value  of  a,  the  greater 
weight  is  given  to  demand  history  through  the  previous  forecast  in  forecasting  future 
demand  and  the  longer  is  the  time  lag  in  responding  to  fundamental  changes  in  the 
demand  level. 

Double  Exponential  Smoothing.  According  to  Hanke  and  Reitsch,  1992,  from 
Dussault,  [1994: 13-14]  the  double  exponential  smoothing  technique  used  by  the  US  Air 
Force  is  the  “Brown”  method.  It  is  used  for  forecasting  demand  data  that  have  a  linear 


trend.  The  formula  for  the  double  exponential  smoothing  [Makridakis,  1983:  93-95]  is 
illustrated  in  equation  3  to  7. 


S'l  =  aX,  +  (1  -  a)S'i-i 

(2) 

S  !  =  ckS  !  +  (1  —  orjiS  /-I 

(3) 

a,=s;+(s;-s;)=2s'  -s; 

(4) 

b,=^(s;-s:)=2s-s; 

\-a 

(5) 

=a,+b,m, 

(6) 

where 

b,  =  Computed  value  for  t 

a,  =  Computed  value  for  t 

=  Forecast  value 

s' I  =  Single  exponential  smoothed  value 
S  i  =  Double  exponential  smoothed  value 
a  =  Smoothing  factor  (0<a<l) 
m  =The  number  of  periods  ahead  to  be  forecast 

The  rmderlying  rationale  of  Brown’s  linear  exponential  smoothing  is  similar  to 
that  of  linear  moving  averages:  both  the  single  and  double  smoothed  values  lag  the  actual 
data  when  a  trend  exists.  The  difference  between  the  single  and  double  smoothed  values 
can  be  added  to  the  single  smoothed  values  and  adjusted  for  trend. 
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In  order  to  apply  formula  2  and  3,  values  of  S’,.,  and  S”,.,  must  be  available. 
However,  when  t=l  no  such  values  exist.  Thus,  these  values  will  have  to  be  specified  at 
the  outset  of  this  method.  This  can  be  done  by  simply  letting  S’,.,  and  S”,.,  be  equal  to  X, 
or  by  using  some  average  of  the  first  few  values  at  the  starting  point. 

This  type  of  initialization  problem  exists  in  all  exponential  smoothing  methods.  If 
the  smoothing  parameter  a  is  not  close  to  zero,  the  influence  of  the  initialization  process 
rapidly  becomes  less  significance  as  time  goes  by.  However,  if  a  is  close  to  zero,  the 
initialization  process  can  play  a  significant  role  for  many  periods  ahead  [Makridakkis, 
1983:  97]. 

Moving  Average.  The  moving  average  is  a  forecasting  technique  where  a 
constant  number  of  data  points  can  be  specified  at  the  outset  and  a  mean  computed  for  the 
most  recent  observations  [Makridakis,  1983: 131-149].  As  each  new  observation 
becomes  available,  a  new  mean  can  be  computed  by  dropping  the  oldest  value  and 
including  the  newest  one.  Determining  the  appropriate  length  of  a  moving  average  is  an 
important  task.  As  a  rule,  a  larger  numbers  of  terms  in  the  moving  average  increase  the 
likelihood  that  randomness  will  be  eliminated.  That  argues  for  using  as  long  a  length  as 
possible.  However,  the  longer  the  length  of  the  moving  average,  the  more  terms  are  lost 
in  the  process  of  averaging,  since  N  data  values  are  required  for  an  N-term  average. 
According  with  Hanke  and  Reitsch  [Dussault,  1994:  5]  the  moving  average  model 
performs  best  with  stationary  data;  however,  it  does  not  handle  trend  or  seasonality  very 
well.  Equation  1  provides  the  formula  for  the  moving  average  forecasting  technique. 

=  (A  +  A-i  +  4-2  +  —  +  A-n-x  )  /  ("7) 
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where 


A,  =  Actual  datum  in  quarter  t 

=  Forecast  made  in  quarter  t  for  t+1 

N  =  Number  of  terms  in  the  moving  average 

Multiple  Linear  Recession.  Once  a  linear  relationship  is  established,  knowledge 
of  an  independent  variable  can  be  used  to  forecast  a  dependent  variable  [Makridakis, 

1 983 : 1 89] .  The  method  used  to  determine  the  regression  equation  in  accordance  with 
Hanke  and  Reitsch  is  the  method  of  least  squares  [Dussault,  1994:  7].  Although  the 
model  is  very  responsive  to  any  type  of  trend  pattern,  one  disadvantage  with  linear 
regression  is  that  it  is  complex  and  not  easily  understood  by  the  user.  In  multiple 
regression  there  is  one  variable  to  be  predicted,  but  there  are  two  or  more  explanatory 
variables  [Makridakis,  1998:241].  The  general  form  of  multiple  regression  is  illustrated 
in  equation  8. 

r  =  6o  +  + ...  +  e  (8) 

where 

Y  =  Forecast  value  or  dependent  variable. 

^0, 6, , ^2  =  Linear  regression  coefficients. 

X^,X2,...,X^  =  Independent  variable. 

Cj  =  Is  an  estimate  error  term. 

The  practical  application  of  this  model  requires  the  user  to  examine  the  following 
assumptions  [Makridakis,  1998: 260]: 
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«  The  form  of  relationship  between  the  forecast  variable  and  the  explanatory 

variable. 

■  The  independence  of  residuals  is  also  related  to  the  validity  of  the  F-  and  t- 
test,  R^,  and  confidence  intervals. 

■  The  regression  model  assumes  that  the  residuals  have  the  same  variance,  or 
homoscedasticity,  throughout. 

■  Many  regression  models  assume  a  normal  distribution  for  the  error  term. 

Autoregressive  Model.  It  is  still  a  regression  equation,  but  differs  from  equation 

No.  8  in  that  the  right-hand  side  variables  are  simply  time-lagged  values  of  the  forecast 
variable  [Makridakis,  1983:  356-359].  The  general  form  of  the  equation  for  the 
autoregression  model  is  illustrated  in  equation  9. 

r,  =  +  b,X,_,  +  b^X,_,  + ...  +  b,X,_,  +  e  (9) 

where 

Y,  =  Forecast  value  or  dependent  variable. 

,  6, ,  &2  !•••»  =  Linear  regression  coefficients. 

=  Time-lagged  values  of  the  actual  demand  values 
=  Is  an  estimate  error  term. 

In  autoregression  the  basic  assumption  of  independence  of  the  error  (residuals) 
terms  can  easily  be  violated,  since  the  explanatory  variable  usually  have  a  built-in 
independence  relationship. 
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Comparison  and  Selection  of  Forecasting  Methods 

We  now  turn  to  factors  that  managers  must  consider  in  selecting  a  method  for 
time  series  forecasting.  Given  the  wide  choice  of  alternative  forecasting  methods 
available  (as  presented  in  Table  3),  it  is  useful  to  have  a  criteria  that  can  be  used  to 
compare  and  select  among  competing  methodologies  [Makridakis,  1983;  761]. 

Conceptually,  criteria  for  selecting  and  comparing  forecasting  methods  can  be 
organized  in  several  ways; 

•  The  accuracy  of  the  forecast. 

■  The  pattern  of  the  data  to  be  forecasted. 

•  The  type  of  series. 

•  The  time  horizon  to  be  covered  in  forecasting. 

■  The  cost  of  applying  alternative  methodologies. 

■  The  ease  of  application  in  organization  situations. 

A  common  approach  is  to  prioritize  criteria  according  to  their  order  of 
importance.  In  practice  (as  might  be  expected),  accuracy  is  given  top  priority,  followed 
by  the  pattern  of  data,  the  time  horizon  and  the  type  of  series  [Makridakis,  1983;  760- 
762].  The  other  two  criteria,  the  cost  and  the  ease  of  application  are  of  minor  influence 
[Silver,  1997;  76]. 

The  Accuracy  of  Forecasting  Methods 

A  variety  of  measures  enable  the  forecaster  to  study  the  accuracy  of  the  forecast; 
however,  there  is  no  a  single  universally  accepted  measure  of  accuracy.  For  the  purpose 
of  this  research  the  following  measures  will  be  discussed; 
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Forecast  errors.  Forecasts  usually  contain  errors.  Errors  can  be  classified  as 


either  bias  errors  or  random  errors  [Krajewsky,  1996: 480].  Bias  errors  are  the  result  of 
consistent  mistakes;  the  forecast  is  consistently  too  low,  or  too  high.  These  errors  often 
are  the  result  of  neglecting  or  not  accurately  estimating  components  of  demand  such  as  a 
trend,  seasonal,  or  cyclical  movements. 

The  random  error  results  from  unpredictable  factors  that  cause  the  forecast  to 
deviate  from  the  actual  demand.  The  goal  in  forecasting  is  to  try  to  minimize  the  effects 
of  both  bias  and  random  errors  by  selecting  appropriate  forecasting  models  [Makridakis, 
1983:  44]. 

The  easiest  form  to  measure  the  forecast  error  is  simple  the  difference  between  the 
forecast  and  actual  demand  for  a  given  period.  If  D,  is  the  actual  datum  for  period  i  and 
Ffis  the  forecast  for  the  same  period  [Makridakis,  1983:  44],  then  the  error  is  defined  as 

(10) 

The  cumulative  sum  of  forecast  errors  (CFE)  measures  the  total  forecast  error. 

The  mathematical  formula  is  equation  1 1 . 

CFE  =  Y,Ei  (11) 

Using  this  measure  of  accuracy  it  is  possible  that  large  positive  errors  could  be 
offset  by  large  negative  errors  in  the  CFE  [Krajewsky,  1996: 480].  Nonetheless,  CFE  is 
useful  in  assessing  bias  in  a  forecast.  For  example,  if  the  forecast  is  always  predicting  a 
lower  value  than  actual  demand,  the  value  of  CFE  will  become  larger  and  larger.  The 
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increasingly  large  error  indicates  that  perhaps  during  the  forecasting  calculations  a  time 
series  component  was  omitted. 

Other  useful  measures  of  the  dispersion  of  the  forecasting  errors  are  the  Mean 
Error  (ME),  Mean  Squared  Error  (MSE),  Standard  Deviation  of  Errors  (SDE)  and  Mean 
Absolute  Deviation  (MAD)  [Makridakis,  1996:  481].  These  tools  are  represented  in 
equation  12  to  14  respectively. 

ME  =  — (12) 


MSE  = 


(12a) 


SDE  = 


(13) 


MAD  = 


N 


(14) 


If  MSE,  SDE,  or  MAD  is  small,  the  forecast  is  typically  close  to  actual  demand;  a 
larger  value  indicates  the  possibility  of  large  forecast  errors.  The  differences  between  the 
measures  depend  on  the  way  they  emphasize  the  errors.  Large  errors  receive  more  weight 
in  MSE  or  in  SDE  because  the  errors  are  squared.  The  effect  of  the  mean  error  (ME)  to 
the  accuracy  tends  to  be  small  since  positive  and  negative  errors  tend  to  offset  one 
another.  In  fact,  the  ME  will  only  report  you  if  there  is  a  systematic  under-  or  over¬ 
forecasting,  called  the  forecast  bias.  It  does  not  give  much  indication  as  to  the  size  of  the 
typical  errors  [Makridakis,  1997: 43].  The  mean  absolute  deviation  (MAD)  is  the  mean 
of  the  absolute  values  of  the  forecast  errors  over  a  series  of  forecasts,  without  regard  to 
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whether  the  error  was  an  overestimate  or  an  underestimate.  It  is  useful  for  assessing  the 
magnitude  of  the  deviation  from  the  actual  data  [Makridakis,  1997: 43].  A  similar  idea  is 
behind  the  definition  of  the  mean  squared  errors.  The  MSE  has  the  advantage  of 
assessing  the  deviation  from  the  actual  data  for  large  errors,  since  they  are  squared 
[Arostegui,  1998]. 

Another  measure  is  the  Mean  Absolute  Percent  Error  (MAPE)  [Krajewski,  1996: 
481].  This  MAPE  relates  the  forecast  error  to  the  level  of  demand  and  is  useful  for 
putting  forecast  performance  in  the  proper  perspective.  Equations  15  and  16  represent  the 
mathematical  formula  and  the  result  is  expressed  as  a  percentage. 


P£,=(-^)(100) 

(15) 

N 

MAPE  =  J^PE,/n 

(16) 

/=i 


where 

Aj  =  Actual  demand  value 

Fj  =  Forecast  value 

N  =  Number  of  periods  to  be  forecasted 

Sometimes,  for  different  items,  the  true  quarterly  demand  is  zero.  If  the  true 
demand  is  zero,  then  the  MAPE  becomes  imdefined.  For  this  reason,  if  the  true  demand 
is  zero,  the  observation  for  this  period  should  be  ignored  [Sherbrooke,  1987:  5]. 

A  tracking  signal  is  a  measure  that  indicates  whether  a  method  of  forecasting  is 
accurately  predicting  changes  in  actual  demand  [Makridakis,  1996:  482].  The  tracking 


37 


signal  measures  the  number  of  MADs  represented  by  the  cumulative  sum  of  forecast 
errors,  the  CFE.  The  CFE  tends  to  be  0  when  an  accurate  forecasting  system  is  being 
used.  The  tracking  formula  is  represented  by  equation  17. 


TrackingSignal  = 


CFE 

MAD 


(17) 


A  statistical  control  chart  is  useful  to  determine  whether  any  action  needs  to  be 
taken  to  improve  the  forecasting  model  based  on  the  tracking  signal  results.  When  the 
underlying  characteristics  of  demand  change  but  the  forecasting  model  does  not,  the 
tracking  signal  eventually  goes  out  of  control.  Choosing  the  limits  for  the  tracking  signal 
involves  a  tradeoff  between  the  cost  of  poor  forecast  and  the  cost  of  checking  for  a 
problem  when  none  exists. 

The  Pattern  of  the  Data  To  Be  Forecasted 

The  pattern  of  data  is  important  because  different  methods  perform  better  with 
only  certain  kinds  of  data  patterns.  There  are,  of  course,  methods  that  can  cope  with  a 
variety  of  patterns,  but  these  are  usually  more  difficult  to  apply. 

A  data  series  can  be  described  as  consisting  of  two  elements-  the  underlying 
pattern  and  randomness.  The  underlying  pattern  distinguishes  four  types:  horizontal  (or 
stationary),  seasonal,  cyclical  and  trend  [Makridakis,  1983: 10,  777].  These  patterns  are 
represented  in  Figure  1. 

1 .  A  horizontal  pattern  exists  when  the  data  fluctuate  around  a  constant  mean. 
Such  a  series  is  “stationary”  in  its  mean.  A  product  whose  sales  do  not 
increases  or  decrease  over  time  would  be  of  this  type.  Similarly,  a  quality 
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control  situation  involving  sampling  from  a  continuous  production  process 
that  theoretically  does  not  change  would  also  be  of  this  type  [Makridakis, 
1983;  10], 


Horizontal 


Seasonal 


Random 


Figure  1.  Time  Series  Component  (Adapted  from  Neter,  1978:  612) 

2.  A  trend  describes  the  long-term  factors  whose  effects  might  be  the  growth  or 
decline  in  the  time  series  over  an  extended  period  of  time.  Generally,  these 
factors  are  population  growth,  price  inflation,  technological  improvements, 
and  productivity  increases  [Neter,  1978:61 1-612].  In  an  Air  Force 
environment,  an  increase  or  decrease  in  operational  activities  could  explain 
the  trend  component.  A  major  application  of  trend  analysis  is  foimd  in  long¬ 
term  forecasting. 

3.  A  seasonal  component  describes  effects  that  occur  regularly  over  a  period  of  a 
year,  quarter,  month,  week,  or  day  [Neter,  1978:  613-614].  This  component 
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tends  to  recur  fairly  systematic.  Consequently,  the  pattern  of  movement  in  the 
seasonal  component  tends  to  be  more  regular  than  the  cyclical  pattern  and 
therefore  is  more  predictable.  Seasonal  movements  can  be  taken  into  accovmt 
in  evaluating  past  and  current  activity,  and  so  that  they  can  be  incorporated 
into  forecasts  of  future  activity. 

4.  A  cyclical  pattern  exists  when  the  data  are  influenced  by  longer-term 
fluctuations  such  as  those  associated  with  business  cycles  [Makridakis,  1983; 
10].  The  sales  of  products  such  as  automobiles,  steel,  and  major  appliances 
exhibit  this  type  of  pattern.  The  major  distinction  between  a  seasonal  and  a 
cyclical  pattern  is  that  the  seasonal  exhibits  a  constant  length  and  recurs  on  a 
regular  periodic  basis,  while  the  latter  varies  in  length  and  magnitude. 

5.  The  random  component  [Neter,  1978:  614]  describes  residual  movements  that 
remain  after  the  other  components  have  been  taken  into  account.  Random 
movements  reflect  effects  of  unique  and  nonrecurring  factors,  such  as  strikes, 
unusual  weather  conditions,  and  international  crises. 

Knowledge  of  the  type  of  patterns  included  in  a  data  series  can  be  very  useful  in 
selecting  the  most  appropriate  forecasting  method.  For  example,  the  mean  and  the  simple 
smoothing  techniques  can  deal  only  with  stationary  (horizontal)  patterns  in  the  data, 
while  linear  or  higher  forms  of  smoothing  (quadratics,  cubic,  etc.)  can  deal  with  linear  or 
higher  forms  of  patterns  in  the  data.  Other  methods  like  Wiitters’  exponential  smoothing 
can  deal  with  both  trend  and  seasonal  elements  of  a  pattern.  On  the  other  hand,  the  single 
equation  regression  can  deal  with  almost  any  pattern  that  can  be  transformed  into  a  linear 
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relationship.  In  regression,  the  ability  to  handle  different  patterns  depends  largely  on  the 
user’s  ability  to  specify  the  most  appropriate  regression  model  [Makridakis,  1983:  777]. 

The  Time  Horizon 

One  of  the  reasons  the  time  horizon  is  particularly  important  in  selecting  a 
forecasting  method  in  a  given  situation  is  that  the  relative  importance  of  different  patterns 
changes  as  the  time  horizon  of  planning  changes  [Makridakis,  1983:  778]. 
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Figure  2.  Relative  Importance  of  Data  Pattern  for  Different  Time  Horizons 


As  seen  in  Figure  2,  in  the  very  immediate  term  the  randomness  element  is 
usually  the  most  important.  As  the  time  horizons  increase  to  two  or  three  months,  the 
seasonal  pattern  generally  becomes  dominant.  Then,  in  the  medium  term,  the  cyclical 
component  becomes  more  important,  and  finally  in  the  long  term,  the  trend  element 
dominates  [Makridakis,  1983:  778]. 
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In  general,  quantitative  methods  can  be  applied  for  all  time  horizons  as  long  as 
patterns  do  not  change.  Smoothing  methods  are  usually  best  for  immediate  or  short  term 
and  decomposition  and  autoregression  methods  are  usually  better  for  short  to  medium 
term.  Regression  techniques  tend  to  be  best  suited  for  medium-to  long-term  usage. 
Furthermore,  it  is  important  to  understand  that  as  the  time  horizon  of  forecasting 
increases  the  chances  of  a  change  in  established  patterns  or  relationships  increase  too. 

The  Type  of  Time  Series 

Forecast  error  measures  provide  important  information  for  choosing  the  best 
forecasting  method  for  a  demand  item.  These  errors  also  guide  managers  in  selecting  the 
best  values  for  the  parameters  needed  for  the  method:  n  for  the  moving  average  method, 
the  weights  for  the  weighted  moving  average,  and  a  for  the  exponential  smoothing 
method.  The  criteria  for  choosing  the  parameters  include:  statistical  criteria,  meeting 
managerial  expectations,  and  minimizing  the  forecast  error  last  period.  The  first  criteria 
relates  to  statistical  measures  based  on  historical  performance,  the  second  reflects 
expectations  of  the  future,  and  the  third  is  a  way  to  use  whatever  method  seems  to  be 
working  best  at  the  time  a  forecast  must  be  made. 

Using  statistical  criteria.  Ideally,  we  would  like  to  have  forecasts  with  no  bias  and 
no  MAD.  As  this  is  impossible,  we  must  deal  with  tradeoff  between  bias  and  MAD. 
Normally,  preference  is  given  to  lower  values  of  MAD.  However,  in  some  cases  where 
the  values  of  MAD  are  not  that  different,  the  measures  of  bias  are  very  different.  A 
positive  value  for  CFE  indicates  that,  on  balance  the  forecast  has  been  too  low 
[Krajeswski,  1996: 484-485]. 
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These  considerations  are  involved  in  choosing  the  a  for  exponential  smoothing. 
For  different  values  of  a,  the  differences  in  MAD  are  slight,  but  the  differences  in  bias 
can  be  considerable.  Larger  a  values  seems  to  result  in  less  bias  than  do  smaller  values. 

It  is  important  to  note  that  in  the  selection  of  the  parameters,  when  a  significant 
weight  was  given  to  the  most  recent  levels  of  demand  and  less  weight  to  earlier  levels,  a 
trend  or  seasonal  component  of  demand  may  be  present  in  the  time  series.  However,  to 
further  reduce  bias  and/or  MAD,  methods  that  include  trend  or  seasonal  influence  should 
be  explored.  It  is  also  important  to  keep  using  a  tracking  signal  to  monitor  the 
performance  of  the  forecasting  in  the  future  [Krajeswski,  1996: 484-485]. 

TTsinp  Managerial  Expectations.  Managers  can  use  to  general  guidelines  in 
choosing  the  parameters  that  best  fit  their  needs.  First,  to  emphasize  historical  experience 
because  of  more  stable  demand  patterns  use  lower  a  values,  for  exponential  smoothing, 
or  larger  n  values,  for  moving  average.  Second,  for  projections  of  more  dynamic  demand 
patterns,  use  higher  a  values  or  smaller  n  values.  When  the  historicjil  component  of 
demand  are  changing,  recent  history  should  be  emphasized  [Krajeswski,  1996: 484-485]. 

Aircraft  Spare  Parts  Characteristics 

The  central  problem  in  logistics  is  to  get  the  right  item  to  the  right  place  at  the 
right  time  without  incxuring  extra  cost.  To  accomplish  this  it  is  necessary  to  rmderstand 
the  characteristics  of  the  demand  that  is  being  studied. 

There  are  two  types  of  aircraft  spare  parts  -  consumable  spare  parts  and 
repairable  spare  parts  [Christensen,  1994:  1].  Consumable  spare  parts  are  those  items 
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which  are  expended,  consumed  or  used  up  beyond  recovery  during  the  use  for  which  they 
were  designed.  Repairable  spare  parts  are  those  items  that  may  be  repaired  or 
reconditioned  and  returned  to  a  serviceable  condition  for  reuse. 

According  to  Christensen  [1995:  2]  ninety-five  percent  of  all  the  money  spent  on 
supplies  stocked  in  a  typical  base  supply  organization  is  spent  on  repair  cycle  assets.  In 
the  US  Air  Force,  this  equates  to  an  eight  billion  dollar  investment.  Repair  cycle  assets 
consists  of  only  five  percent  of  the  total  line  items  in  the  Air  Force  inventory.  This  is  due 
to  their  high  cost  and  repairability.  Given  this  as  well  as  the  critical  role  that  these  parts 
play  toward  achieving  the  Air  Force’s  mission,  the  quantity  of  these  items  to  be  stocked 
becomes  an  important  issue. 

In  general,  consumable  items  have  a  relatively  low  dollar  value.  However,  a  good 
imderstanding  of  the  demand  variability  in  those  items  and  an  effective  and  efficient 
economic  order  quantity  (EOQ)  can  benefit  the  logistics  system.  Among  the  benefits 
could  be  a  substantial  monetary  savings  caused  by  a  better  tradeoff  between  ordering  and 
holding  costs.  Additionally,  an  accurate  EOQ  model  will  decrease  the  probability  of 
stockouts  while  increasing  the  operational  availability  [Blazer,  1985: 1 1-13].  Therefore, 
it  is  important  to  differentiate  between  consumable  and  repairable  spare  parts. 

An  understanding  of  the  pattern  of  demand  is  essential  for  the  design  of  an 
effective  and  economical  logistics  system.  The  demand  pattern  can  be  classified  into  two 
types:  high  and  low  demand  [Brown,  1956:1].  High  demand  represents  items  that  are 
issued  frequently.  Low  demand  represents  items  that  are  issued  with  low  frequency. 
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According  to  Brown  [1956:13],  the  vast  majority  of  parts  have  very  low  demand, 
but  the  few  parts  that  have  high  demand  account  for  most  of  the  umts  that  are  required. 
Brown  suggested  that  these  two  typical  patterns  of  demand,  high  and  low,  have  important 
implications  for  the  logistics  system.  This  was  because  about  half  of  the  parts  causing 
AOCP  (aircraft  out  of  commission  for  parts)  had  a  very  low  demand  during  the  previous 
year.  In  other  words,  the  pattern  of  demand  for  low  demand  items  is  very  difficult  to 
determine,  while  that  of  the  high  demand  the  pattern  is  more  predictable  [Brown,  1 956: 
14] 

There  are  two  types  of  aircraft  spare  parts:  specific  and  common.  Specific  parts 
represent  items  that  have  application  to  one  weapon  system.  Common  parts  represent 
those  items  that  have  applications  for  two  or  more  weapon  systems.  Eighty-five  percent 
of  the  total  repairable  items'  population  is  specific  to  weapon  systems,  while  fifteen 
percent  are  the  common  parts  [Dussault,  1995:  8]. 

When  determining  spare  part  quantities,  one  should  consider  system  operational 
requirements.  For  instance,  spares  required  to  support  prime  equipment  components 
which  are  critical  to  the  success  of  a  mission  may  be  mfluenced  by  different  factors:  high 
cost,  low  cost,  high  demand,  low  demand;  and  so  on.  In  any  event,  the  factors  may  be 
handled  differently  [Blanchard,  1994:112]. 

Summary 

This  literature  review  provided  background  information  to  understand  the 
importance  of  forecasting  in  enhancing  the  logistics  planning  function.  The  chapter  also 
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presented  descriptions  of  the  logistics  environment  at  the  Colombian  Air  Force,  the  data 
pattern  components,  the  forecasting  techniques  most  commonly  used  in  the  US  Air  Force, 
US  Navy  and  the  remanufacturing  industry,  and  the  characteristics  of  aircraft  spare  parts. 
Finally,  the  tools  to  measure  the  forecasting  accuracy  are  presented. 

Data  can  be  decomposed  into  components  known  as  trend,  cycle,  seasonality,  and 
randomness.  The  most  commonly  used  forecasting  techniques  used  in  the  military 
environment  are  the  moving  average,  exponential  smoothing,  double  exponential 
smoothing,  and  linear  regression. 

Forecasts  always  include  errors  in  its  calculations.  The  errors  are  bias  or  random 
errors.  The  goal  in  forecasting  is  to  minimize  errors.  The  way  to  minimize  errors  is  to 
use  statistical  tools  to  measure  the  forecasting  accuracy  and  to  choose  the  forecasting 
technique  appropriated  for  the  demand  pattern. 

Forecast  errors  guide  managers  in  selecting  the  appropriate  forecasting  technique 
and  the  best  values  for  the  parameters  needed  for  each  particular  method.  The  criteria  to 
choose  the  parameters  include  statistical  criteria,  managerial  expectations,  and 
minimization  of  the  forecast  error.  The  next  chapter  discusses  how  the  actual  research 
was  conducted.  It  also  describes  how  the  data  were  obtained  and  analyzed. 
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III.  Methodology 


Introduction 

The  purpose  of  this  study  is  to  provide  an  evaluation  of  different  forecasting 
techniques  in  a  convenience  sample,  and  to  develop  a  forecasting  procedure  to  be  applied 
later  in  the  Colombian  Air  Force. 

This  chapter  discusses  the  methodology  used  in  the  research  process  to  answer  the 
research  questions  identified  in  Chapter  I.  The  research  questions  are  reviewed  and  the 
hypotheses  are  identified.  Then  the  general  research  design  is  explained.  The  analytical 
approach,  population  size,  sample  size,  data  collection,  choice  of  factor  and  level, 
selection  of  the  response  variables,  and  limitations  used  to  perform  the  study  are  also 
discussed.  Finally,  this  chapter  highlights  the  actual  research  plan. 

Research  Questions 

To  evaluate  the  different  forecasting  techniques  and  to  address  forecasting 
accuracy  and  robustness,  the  following  research  questions  must  be  answered: 

1 .  Can  forecasting  techniques  improve  the  planning  process  of  future 
requirements,  aircraft  spare  parts,  with  the  current  information  provided  by  the 
CAF  logistics  information  system,  EQUALS? 

2.  What  forecasting  technique  is  more  appropriate  for  each  demand  pattern 
category? 
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Research  Question  No.  1 


The  main  purpose  of  this  research  question  is  to  evaluate  if  the  forecasting 
techniques  can  improve  the  current  planning  process  for  spare  parts  requirements, 
observed  from  historical  data,  in  terms  of  total  relevant  cost  of  the  inventory.  The  ending 
inventories  in  each  period  under  the  current  system  versus  the  forecasting  system  will  be 
compared.  To  answer  the  research  question  the  following  investigative  questions  are 
developed: 

1 .  What  are  the  starting  inventories  under  the  current  management  techniques 
versus  a  proposed  forecasting  system,  from  the  actual  data  observed  from 
historical  demand? 

2.  What  is  the  ordering  policy  xmder  the  current  system  observed  from  historical 
demand  data? 

3.  What  are  the  monthly  ending  inventories  vmder  the  current  system  and  the 
proposed  forecasting  system  observed  from  historical  demand  data? 

4.  What  would  the  cost  difference  be  between  the  current  system  and  the 
proposed  forecasting  system,  in  terms  of  net  present  value? 

Research  Question  No.  2 

The  purpose  of  this  research  question  is  to  determine  how  accurate  the  forecasts 
computed  by  each  forecasting  technique  would  be.  To  answer  the  research  question,  the 
following  investigative  questions  are  developed: 
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1 .  What  is  the  forecasting  error  in  terms  of  the  mean  error,  cumulative 
forecasting  error,  mean  absolute  deviation,  mean  squared  error,  and  mean 
absolute  percentage  error? 

2.  What  are  the  differences  between  the  different  forecasting  techniques  in  terms 
of  the  forecasting  error? 

Research  Hypotheses 

To  answer  the  first  research  question,  a  hypothesis  is  developed  which  can  be 
applied  to  each  demand  pattern  type.  The  hypotheses  to  be  tested  are  that  forecasting 
methods  can  improve  supply  performance,  and  that  forecasting  techniques  do  not  work 
equally  well  in  all  demand  categories. 

Hit,;  No  performance  difference  exists  between  forecasting  methods  and  current 
demand  management  techniques. 

HI  at  At  least  one  forecasting  method  is  different  from  current  demand 
management  techniques. 

To  answer  the  second  research  question,  a  factorial  experiment  will  be  conducted. 
A  full  factorial  design  of  3  factors  with  2  levels  each  and  5  treatments  is  being  used.  The 
factors  represent  important  demand  patterns  and  the  treatments  represent  the  forecasting 
techniques.  The  hypotheses  to  be  tested  are: 

H2o:  No  performance  differences  between  F„  Fj,. .  .F„  in  all  factor  level 
combination. 

H2a:  At  least  one  treatment  differs  in  at  least  one  factor. 
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In  order  to  determine  the  nature  of  the  treatment  effect,  if  any,  on  the  response  in  a 
factorial  experiment,  it  is  necessary  to  break  the  treatment  variability  into  four 
components.  These  components  are:  interaction  between  the  three  factors,  main  effect  of 
factor  1,  main  effect  of  factor  2,  and  main  effect  of  factor  3.  The  interaction  component 
is  used  to  test  whether  the  factors  combine  to  affect  the  response.  The  main  effects  are 
used  to  determine  whether  the  factors  affect  the  response.  Therefore,  depending  upon  the 
rejection  of  the  null  hypothesis,  additional  sets  of  hypotheses  will  be  addressed  later  in 
this  chapter. 

Type  of  Research  Design 

A  research  represents  the  blueprint  for  the  collection,  measurement,  and  analysis 
of  data.  It  is  the  plan  and  structure  of  investigation  conceived  to  obtain  answers  to 
research  questions.  The  plan  is  the  overall  scheme  for  the  research,  and  the  structure 
describes  the  relationships  among  the  variables  in  the  study  [Emory  1996: 1 14]. 

The  research  may  also  be  viewed  from  different  perspectives  such  as  the  method 
of  data  collection,  the  design  of  the  research,  the  pmpose  of  the  research,  the  topical 
scope  and  the  environment.  The  next  paragraphs  will  characterize  this  research  effort 
along  Emory  and  Cooper’s  dimensions  [1996: 114-116]. 

The  Method  of  Data  Collection  depends  on  whether  the  research  is  observational 
or  follows  the  survey  mode.  An  observational  study  refers  to  a  study  where  the 
researcher  collects  data  about  a  subject  without  interacting  with  it.  In  the  survey  mode, 
the  researcher  questions  the  subject(s)  and  collects  their  responses  by  personal  or 
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impersonal  means.  This  research  falls  in  the  category  of  an  observational  research.  The 
actual  data,  observed  from  historical  demand  data,  is  evaluated  imder  different  forecasting 
techniques  to  determine  which  technique  is  more  appropriate  for  each  demand  category. 

The  Design  of  the  Research  depends  on  whether  the  researcher  has  control  over 
the  variables  being  studied.  There  are  two  types  of  research  design:  the  experimental 
design  and  the  ex  post  facto  design.  Experimental  design  is  determined  by  the  researcher 
to  produce  effects  in  the  variables  under  study.  With  an  ex  post  facto  design,  the 
researcher  does  not  have  control  over  the  variables  and  can  only  report  what  has 
happened  or  what  is  happening.  This  thesis  research  deals  with  the  experimental  design 
because  the  researcher  exerts  control  over  the  independent  variables  through  the  factors 
and  treatments. 

The  Purpose  of  the  Study  depends  on  whether  the  research  is  descriptive  or 
causal.  The  descriptive  study  is  concerned  with  finding  out  who,  what,  where,  when,  or 
how  much.  It  deals  with  a  question  or  hypothesis  being  stipulated  concerning  the  size, 
form,  distribution  or  existence  of  a  variable.  A  causal  study  is  interesting  with  learning 
why  or  how  one  variable  affects  another.  It  tries  to  explain  the  relationship  that  can  exist 
among  variables.  This  research  is  causal  because  the  researcher  is  manipulating  a  set  of 
independent  variables  to  determine  the  effect  on  the  dependent  variable,  and  it  answers 
the  following  question:  what  forecasting  techniques  are  more  accurate  in  forecasting  the 
aircraft  spare  part  demand  depending  on  the  demand  category? 
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The  Topical  Scope  of  the  research  depends  on  the  breadth  and  depth  of  the  study. 


The  scope  could  be  a  case  study  or  a  statistical  study.  The  case  study  place  more 
emphasis  on  a  full  contextual  analysis  of  fewer  events  or  conditions  and  their 
interrelation.  A  statistical  study  attempt  to  capture  a  population’s  characteristics  by 
making  inferences  from  a  sample’s  characteristics  based  on  hypothesis  to  be  tested 
quantitatively.  This  thesis  research  is  a  statistical  study.  It  tries  to  determine  which 
forecasting  techniques  are  best  to  predict  the  different  demand  categories  selected. 

The  F.nvirnnment  depends  on  whether  the  research  is  conducted  in  the  field  or  in 
the  laboratory.  In  the  field  refers  to  performing  the  research  under  actual  environmental 
conditions.  The  laboratory  refers  to  investigating  the  problem  under  tightly  controlled 
conditions.  This  research  tries  to  study  the  behavior  of  the  aircraft  spare  parts  demand 
under  tightly  controlled  conditions;  the  forecasting  methods  and  demand  pattern  factors. 

In  summary,  the  design  of  this  thesis  research  is  as  follow:  the  method  of  data 
collection  is  observational,  the  design  is  experimental;  the  purpose  of  this  study  is  causal; 
the  topical  scope  is  a  statistical  study;  and  the  environment  is  the  laboratory. 

Experimental  Design 

An  experiment  can  be  defined  as  a  test  or  series  of  tests  in  which  purposeful 
changes  are  made  to  the  input  variables  of  a  process  or  a  system  so  that  we  may  observe 
and  identify  the  reasons  for  changes  in  the  output  responses  [Montgomery,  1996: 1]. 

The  experimental  design  refers  to  the  number  and  arrangement  of  independent 
variable  levels  in  a  research  project  [Dane,  1990:  89].  Although  all  experimental  designs 
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involve  manipulated  independent  variables  and  random  assignments,  different  designs  are 
more  or  less  efficient  for  dealing  with  specific  alternative  explanations. 

The  design  used  for  a  particular  experiment  depends  on  the  research  hypothesis. 
The  major  factor  in  choosing  a  design  is  not  its  complexity,  but  the  extent  to  which  it 
provides  internal  validity.  Internal  validity  refers  to  the  extent  to  which  the  independent 
variable  is  the  only  systematic  difference  among  the  experimental  groups.  This  internal 
validity  allows  you  to  conclude  that  the  independent  variable  is  the  cause  of  the  effects 
you  measure  with  the  independent  variable. 

The  kinds  of  experimental  design  available  for  the  researcher  is  as  follows:  The 
Basic  Design,  the  Basic  Pretest  Design,  the  Solomon  Four-Group  Design,  the  Factorial 
Design,  and  the  Repeated  Measures  Design  [Dane,  1990:  88].  The  next  paragraphs  will 
characterize  the  experimental  design  effort  along  Dane  dimensions  [1990:90-96]. 

The  Basic  Design  is  the  simplest  design  that  still  qualifies  as  a  true  experiment. 

In  the  basic  design  the  participants  are  randomly  assigned  to  one  or  two  different  levels  of 
independent  variable,  and  the  dependent  variable  is  measured  only  once. 

The  Basic  Pretest  Design  involves  adding  a  pretest  measure  to  the  basic  design. 
The  obvious  reason  for  adding  a  pretest  measure  is  to  examine  how  much  the  independent 
variable  causes  participants  to  change. 

The  Solomon  Four-Group  Design  is  used  when  there  is  a  possibility  of  testing- 
treatment  interaction.  However,  the  interaction  only  allows  two  levels  of  a  single 
independent  variable.  The  loss  of  efficiency  is  related  to  the  need  to  test  for  the  testing- 
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treatment  interaction.  In  general,  the  more  you  need  to  know,  the  more  groups  will  be 
required. 

The  Factorial  Design  accounts  for  the  inclusion  of  more  than  one  independent 
variable  in  the  experiment.  The  advantage  of  a  factorial  design  is  that  interactions 
between  independent  variables  can  be  tested.  An  interaction  occurs  when  the  effect  of 
one  variable  depends  on  which  level  of  another  variable  is  present. 

The  Repeated  Measures  Design  is  a  specific  factorial  design  in  which  the  same 
participants  are  exposed  to  more  than  one  level  of  an  independent  variable.  Repeated 
measures  design  is  also  called  “within  subject”  designs  because  the  independent  variable 
is  manipulated  within  the  same  subject  instead  of  between  or  across  different  subjects. 

Therefore,  this  research  can  be  classified  as  a  factorial  experiment  because  it  is 
including  more  than  one  independent  variable  in  the  hypothesis  testing.  As  it  wall  be 
explained  later  in  detail,  this  research  includes  five  different  forecasting  techniques,  and 
three  factors,  each  with  two  levels. 

Research  Approach 

Four  analytical  phases  were  used  to  evaluate  the  logistics  requirements  for 
different  forecasting  techniques  wdth  the  data  provided  for  the  experiment. 

The  first  phase  identified  the  characteristics  of  the  aircraft  spare  parts  demand 
patterns.  This  allowed  the  selection  of  the  appropriate  forecasting  techniques  to  be  used 
during  the  study.  This  phase  includes  the  followdng  specific  requirements: 

1 .  Description  of  the  sample  of  aircraft  parts. 

2.  Description  of  the  types  of  data  used  during  different  phases  of  the  experiment. 


54 


3.  Relevant  factors  of  the  sample,  aircraft  spare  parts,  to  be  studied. 

4.  Select  the  aircraft  spare  parts  to  be  used  in  the  experiment  based  on  the  previous 
categorization. 

5.  Select  the  data  time  increment  used  for  demand  data. 

6.  Determine  the  forecasting  techniques  to  be  used  during  the  experiment. 

The  second  phase,  evaluating  the  forecasting  techniques,  consisted  of  measuring 
the  performance  of  the  forecasting  techniques  using  the  actual  data,  observed  from 
historical  demand  data,  to  answer  the  research  questions.  This  phase  included  the 
follov^ng  specific  requirements: 

1 .  Define  the  parameters  for  each  forecasting  method  that  maximize  the  accuracy  in 
terms  of  forecasting  error. 

2.  Perform  the  forecasting  using  actual  data,  observed  from  historical  demand  data,  from 
1996  and  previous  parameters  to  predict  the  quantities  required  for  1997. 

3.  Perform  an  Analysis  of  Variance  to  determine  if  performance  differences  exist 
between  the  5  treatments  across  the  8  levels  of  the  three  factors. 

4.  Perform  non-parametric  test  on  a  set  of  additional  accuracy  measures  if  the  parametric 
ANOVA  fails. 

The  third  phase  consisted  of  testing  and  validating  a  simulation  model  to  perform 
the  experiment,  if  previous  phase  fails  to  detect  any  difference.  This  phase  included  the 
following  specific  requirements: 

1 .  Model  conceptualization  to  define  the  object  of  interest  and  the  type  of  simulation  to 
be  used. 
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2.  Identify  the  time  series  component  of  the  data,  and  remove  the  trend-cycle  and 
seasonal  component. 

3 .  Determine  the  imderlying  statistical  distribution  that  best  represent  the  irregular 
component  of  the  demand  pattern. 

4.  Generate  24  random  data  points  using  the  imderlying  distribution  that  represents  the 
irregular  component  of  the  demand  pattern. 

5.  Obtain  24  simulated  demand  data  including  seasonal  component  and  the  trend-cycle 
to  the  previous  24  random  data  points. 

6.  Perform  a  paired  t-test  to  determine  if  the  simulated  data  belongs  to  the  same 
population  of  the  actual  demand  data. 

7.  Determine  the  forecasting  parameters  for  to  be  used  during  the  simulation  based  on 
the  actual  24  demand  data  points,  observed  jfrom  historical  demand  data. 

8.  Production  runs  and  analysis  to  estimate  measures  of  performance  for  the  system 
design  that  are  being  simulated. 

The  fourth  phase  included  the  use  of  the  simulation  model  to  generate  additional 

demand  data,  if  previous  production  runs  required  more  replications.  This  phase  include 

the  following  specific  requirements: 

1 .  Use  simulated  demand  data  to  determine  the  number  of  replications  required  to  obtain 
enough  confidence  to  analyze  the  results. 

2.  Analyze  the  results  in  terms  of  the  forecasting  errors,  using  the  mean  error,  the  mean 
absolute  deviation,  and  the  mean  squared  errors. 
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During  the  execution  of  the  steps  included  in  each  of  the  four  phases,  the 
respective  analytical  approach  will  be  discussed  in  detail  only  for  one  item,  and 
calculations  for  the  rest  of  the  items  will  be  in  the  list  of  appendixes.  The  implementation 
will  follow  each  phase  systematically. 

Phase  1-  Design  The  Experiment 

Specific  actions  taken  in  phases  1  to  3  of  the  research  will  now  be  presented. 
Specific  results  of  phase  4  are  presented  in  Chapter  4.  Results  presented  will  only  include 
a  single  example,  with  full  results  available  in  the  appendices. 

Description  of  the  Sample 

The  sample  to  be  used  in  the  experiment  is  a  convenience  sample  because  the 
CAT  data  was  rmavailable.  This  sample  was  obtained  from  a  Colombian  commercial 
airline  called  “Aires”.  Taking  into  consideration  the  fact  that  the  quality  of  the 
maintenance  process  between  this  company  and  the  CAP  are  not  equal,  they  still  have 
some  similarities  between  each  other  that  make  them  comparable.  There  are  several 
important  similarities  which  included  the  basic  aeronautical  education  for  pilots  and 
mechanics,  the  environment  in  which  the  flight  operations  are  conducted,  the 
maintenance  procedures,  and  the  multiple  manufacturer  characteristics.  With  regard  to 
their  basic  aeronautical  education,  the  majority  of  pilots  and  mechanics  had  served  in  the 
CAP.  Regarding  the  environment,  the  flight  operations  are  affected  in  similar  fashions 
in  both  organizations  because  they  use  the  same  airports  and  are  affected  by  the  same 
weather  or  environmental  conditions.  Relating  to  the  maintenance  procedures,  this 
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company  and  the  CAF  operate  in  some  instances  the  same  type  of  aircraft  (Bandeirante). 
In  other  cases,  they  use  the  same  manufacturer  (Fokker),  and  still  in  other  cases,  the  same 
aircraft  size  (DashS),  which  implies  similar  maintenance  procedures.  Additionally, 
failures  occur  due  to  the  natural  deterioration  of  the  materials  rather  than  improper 
maintenance  procedures.  Finally,  the  three  aircraft’s  types  being  analyzed  are  built  in 
different  countries,  which  accounts  for  the  CAF  problems  caused  by  multiple 
manufacturers. 

These  similarities  between  the  two  organizations  suggest  that  they  are 
comparable;  but  the  results  of  studying  Aires  aircraft  might  not  be  directly  applicable  to 
CAF  because  the  process  of  collecting  the  information  in  both  organizations  is  different. 
However,  this  collection  of  information  does  not  affect  the  process  developed  to  use  the 
forecasting  techniques.  Instead,  it  must  be  validated  with  CAF  data. 

The  Aires  data  include  the  following  information  for  each  item:  part  number,  tail 
number  designation,  requisition  control  number,  issue  date,  unit  cost,  and  quantity  issued 
from  January  1, 1996,  to  December  31,  1997.  During  the  period  where  the  sample  was 
collected,  the  company  flew  24,567  hours  and  48,089  cycles.  The  sample  comprises  5 
Dash-8,  one  Fokker  F-27  and  two  Bandeirante.  The  Dash  8  is  manufactured  in  Canada, 
the  Fokker  F-27  in  Holland,  and  the  Bandeirante  in  Brazil.  The  following  table 
illustrates  the  general  characteristics  of  the  sample  being  studied: 
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Table  3.  General  Characteristics  of  the  Sample  Being  Studied 


1  T^of  Aircraft 
^rePart 

Tol^  Number  of 
•  Farts. 

Total  Number  of 
’  Issues 

Cost(U^) 

Consumable 

2529 

1,754,543.99 

583 

2,781 

10,748,106.07 

Types  of  Data 

Another  important  issue  that  warrants  explanation  involves  the  different  types  of 
data  used  during  the  study.  This  is  of  significance  because  depending  on  the  phase  the 
data  may  change.  In  order  to  provide  the  explanation,  the  following  types  of  data  were 
used: 

•  Actual  data  observed  from  historical  demand  data.  This  data  corresponds  to 
the  true  demand  of  spare  parts  required  by  the  mechanics  to  be  installed  on  the 
aircraft. 

-  Actual  data  observed  fi'om  simulated  demand  data.  This  data  corresponds  to 
new  demand  of  spare  parts  created  from  the  imderlying  statistical  distribution. 

■  Forecasted  data  based  on  historical  demand  data.  The  forecasted  data  was 
created  with  different  forecasting  techniques  which  used  actual  data.  That 
data  was  obtained  from  historical  demand  data. 

■  Forecasted  data  based  on  simulated  data.  The  forecasted  data  was  created 
Avith  different  forecasting  techniques  which  used  actual  data.  That  data  was 
obtained  firom  simulated  demand  data. 
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Relevant  Factors  of  Aircraft  Spare  Parts  Demands 

Several  factors  are  important  in  selecting  representative  spare  parts  to  be 
forecasted.  Three  factors  of  interest  (as  introduced  in  Chapter  2)  will  be  studied.  In 
general,  the  demand  patterns  are  a  ftmction  of  the  repairability  (consumable  and 
repairable),  uniqueness  (common  or  specific),  and  demandability  (high  and  low) 
[Dussault,  1995:  9]. 

The  repairability  is  important  because  repairable  and  consumable  items  have  an 
important  impact  on  inventory  decisions.  The  demandability  is  important  because  low 
demand  items  are  more  difficult  to  predict  than  high  demand  items.  The  uniqueness  is  of 
significance  because  it  is  in  the  interest  of  the  researcher  to  know  if  the  uses  of  multiple 
manufacturers  affect  the  demand  rate  between  aircraft  parts. 

Selection  of  Representative  Aircraft  Spare  Parts 

The  next  step  was  to  select  the  representative  aircraft  spare  parts  to  be  used  in  the 
experiment.  A  single  part  was  selected  to  represent  the  class  of  parts  in  each  factor  and 
level  combination.  Differences  in  demand  rates  within  the  consumable  and  repairable 
classes,  lead  to  demand  level  boimdaries  as  follows: 

•  High  demand  consumable  items  greater  or  equal  to  150  issues  in  24  months. 

■  High  demand  repairable  items  greater  or  equal  to  50  issues  in  24  months. 

•  Low  demand  consumable  and  repairable  items  greater  or  equal  to  15  issues 
and  less  than  30  issues  in  24  months. 

It  is  important  to  clarify  that  the  boundaries  selected  for  high  demand  were 
different  across  consumable  and  repairable  because  in  normal  conditions,  consumable 
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consumption  is  higher  than  for  repairable  items.  On  the  other  hand,  the  lower  boundary 
selected  for  low  demand  consumable  and  repairable  items  was  influenced  by  the 
minimum  size  of  an  acceptable  demand  during  the  two  years. 

Another  issue  to  be  resolved  was  the  definition  of  commonality  between  aircraft 
spare  parts.  In  order  to  be  more  confident  about  the  existence  of  commonality,  the  rule 
applied  was  that  it  had  to  be  used  in  all  three  aircraft  types  studied.  It  means  that  a 
common  item  must  be  used  in  the  Fokker  F-27,  the  Bandeirante,  and  the  Dash  8.  A 
specific  or  unique  item  woxild  be  used  in  only  one  type  of  aircraft.  Based  on  the  previous 
decisions  and  considerations,  our  original  candidate  parts  are  classified  in  Table  4. 


Table  4.  Total  Number  of  Parts  Useful  for  Selection 


1 

High 

Low 

Consumable 

Repairable 

Specific 

Common 

37 

220 

209 

48 

189 

68 

With  the  data  available  for  the  experiment,  the  following  step  was  to  select  one 
part  number  to  represent  each  of  the  categories  selected  for  the  experiment.  The  selection 
was  based  on  part  numbers  that  present  a  typical  demand  pattern,  and  with  the 
assumption  that  the  information  contained  in  the  demand  for  each  part  number  is 
accurate.  The  part  numbers  selected  are  presented  in  Table  5. 
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Table  5.  Part  Number  Selected  for  Conducting  the  Experiment 


Reparability 

Demandability 

Uniqueness 

Name 

Part  Number 

Applicability 

Consumable 

Common 

Light 

CO 

DashS,  F27,  Baideirante 

Specific 

Battery  Ni-Cad 

61-0478-9 

Dash  8 

Common 

Pin  Cotter 

MS24665-134 

Dash8,  F27,  Bandeirante 

Specific 

Bulb-Lamp 

F1815/WW/RS 

Dash  8 

Repairable 

mmgm 

Common 

Oxygen  Bottle 

ZP650-SC-M-B-3 

Dash8,  F27,  Bandeirante 

Specific 

Brake-Assy 

2-1517 

Dash  8 

Common 

Receiver  ADF 

622-2362-001 

DashS,  F27,  Bandeirante 

Specific 

Inverter 

DH1030-24-600CS 

DashS 

Time  Increment 


The  time  horizon  selected  for  the  forecasting  was  monthly.  The  original  demand 
data  was  daily,  and  was  converted  to  monthly  data.  The  forecasting  methods  were  then 
used  to  forecast  in  monthly  quantities.  This  decision  was  taken  to  account  for  the 
monthly  seasonal  and  trend-cycle  component,  and  to  match  the  replenishment  policy 
used  for  the  company  whose  this  demand  data  belongs  to. 

The  monthly  seasonal  and  trend-cycle  components  are  of  the  interest  to  the 
researcher  because  the  proposed  study  is  designed  to  cover  a  problem  located  at  the 
Colombian  Air  Force  headquarters  level.  At  this  level  of  management  the  interest  is  to 
track  the  aircraft  spare  parts  requirements  as  a  big  picture,  and  a  monthly  pattern  is 
considered  a  reasonable  frequency  for  the  length  of  the  demand  data  obtained. 

The  replenishment  policy  used  for  the  company  that  provided  the  demand  data 
is  based  on  historical  purchases  and  consumption  rather  than  any  of  the  forecasting 
techniques  mentioned  in  the  literature  review.  In  other  words,  the  replenishments  are 
done  with  the  same  periodicity  and  in  the  same  quantity  every  year.  The  information 
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provided  by  the  company  related  to  the  replenishment  policy,  quantities  purchased  in 
1 997,  were  used  for  the  comparison  of  the  total  relevant  cost  of  the  inventory  between  the 
two  systems  in  the  year  in  mention. 

Forecasting  Techniques  to  Be  Used 

In  practice,  several  factors  were  important  in  selecting  the  forecasting  method.  In 
order  of  importance  the  factors  driven  the  selection  were  the  accuracy  in  predicting  actual 
demand  data,  the  inherent  adaptability  of  the  forecasting  method  to  changes  in  the  data, 
and  previous  experiences  with  the  methods  in  similar  environments.  Based  on  these 
conditions,  the  forecasting  methods  to  be  used  were  as  follows: 

•  Single  exponential  smoothing,  or  forecasting  method  No.  1 

■  Double  exponential  smoothing  -Brown  Method,  or  forecasting  method  No.  2 

■  Moving  Average,  or  forecasting  method  No.  3 

•  Autoregression,  or  forecasting  method  No.  4 

•  Multiple  linear  regression,  or  forecasting  technique  No.  5 

Phase  2-  Forecasting  Techniques  Performance  with  Actual  Data 

The  first  step  in  preparing  the  data  to  perform  the  forecasting  technique  in  each 
individual  demand  category  was  to  convert  it  to  monthly  demand  data  [see  Appendix  B]. 
The  number  of  days  representing  the  monthly  data  are  the  same  as  the  annual  calendar  for 
the  year  in  study  (i.  e.  February  1996  includes  the  sum  of  the  monthly  demand  data 
between  the  1®*  to  the  29*  days  respectively.  February  1 997  includes  the  sum  of  the 
monthly  demand  data  between  the  day  T’  to  the  day  28*,  and  so  on). 
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Calculation  of  the  Parameters 

The  next  step  was  to  find  the  parameters  for  each  forecasting  method  that 
produces  the  least  forecasting  error.  The  actual  data  observed  fi-om  historical  demand 
data  from  1996  was  used  to  predict  the  demand  for  1997.  Specific  parameters  were 
selected  for  each  part  and  each  forecasting  method  based  on  the  one  that  produced  the 
smaller  MAD.  In  those  cases  where  the  MAD  was  equal  across  other  parameters,  the 
CFE  closest  to  zero  was  used  [Krajewsky,  1996: 484-485].  The  selection  of  the 
parameters  was  calculated  for  all  the  forecasting  techniques  across  the  eight  levels  of  the 
three  factors. 

Selection  of  parameters  consisted  in  calculating  the  value  of  a,  for  single  and 
double  exponential  smoothing  constant,  and  the  number  of  periods  to  be  averaged  for 
moving  average.  In  the  case  of  the  regression  analysis,  the  equation  coefficients  that  best 
predicted  quantities  for  1997  depended  on  cycles,  hours,  and  periods.  For  the 
autoregression  model,  the  regression  equation  that  best  predicted  the  quantities  for  1997 
depended  on  lag  1, 2  and  3  models. 

Single  Exponential  Smoothing.  The  higher  the  value  of  a,  the  greater  is  the 
weight  placed  on  the  most  recent  demand  level.  On  the  other  hand,  the  lower  the  value 
of  a,  the  greater  is  the  weight  given  to  demand  history.  Using  equation  No.  1  in  an  excel 
spreadsheet,  the  parameter  a  was  calculated  by  means  of  analyzing  the  forecasting 
response  (MAD  or  CFE)  with  different  values  between  0  and  1.  The  a  parameter,  which 
produced  the  least  MAD,  or  CFE  when  it  applies,  was  selected  pCrajeswski,  1996: 484- 
485]. 
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Double  Exponential  Smoothing.  The  selection  of  the  parameter  is  performed  in  a 


similar  way  as  in  the  single  exponential  smoothing.  If  the  a  value  was  close  to  zero 
meant  that  the  decomposition  of  the  time  series,  seasonal  and  trend-cycle,  can  play  a 
significant  role  for  many  time  periods  ahead  data  [Makridakis,  1983:  97].  However,  for 
the  purpose  of  this  phase  the  decomposition  method  was  omitted. 

Moving  Average.  Under  this  situation  the  maximum  months  that  can  be  averaged 
to  obtain  the  best  fit  parameter  did  not  exceed  1 1  months  because  it  only  had  12  available 
periods.  To  figure  out  the  best  moving  average  the  MAD  and  CFE  were  calculated 
trying  2,  3 , 4,  5 ...  1 1  periods;  then,  the  one  with  the  smaller  error  was  selected. 

Autoregression.  The  procedure  used  with  this  forecasting  method  to  calculate  the 
parameters  was  a  little  bit  different  because  the  additional  calculations  required  to  find 
the  regression  coefficients.  First,  this  autoregression  model  was  built  with  lags  one,  two 
and  three.  Then,  for  each  possible  equation  a  set  of  parameters  was  calculated.  After 
that,  this  coefficients  were  used  to  predict  the  quantities  for  1997  and  the  one  that 
produced  the  smaller  MAD,  or  CFE,  was  selected. 

The  multiple  regression  procedure  to  find  the  parameters  that  best  predict  the 
actual  demand  was  calculated  using  the  statistics  software  SPSS  8.  0.  To  help  sort  out  the 
relevant  explanatory  variable  (one,  two  or  three  lags)  a  stepwise  backward  regression  was 
used. 

Backward  regression  is  a  variable  selection  procedme  in  which  all  variables  are 
entered  into  the  equation  and  then  sequentially  removed.  The  variable  with  the  smallest 
partial  correlation  with  the  dependent  variable  is  considered  first  for  removal.  If  it  meets 
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the  criterion  for  elimination,  it  is  removed.  After  the  first  variable  is  removed,  the 
variable  remaining  in  the  equation  with  the  smallest  partial  correlation  is  considered  next. 
The  procedure  stops  when  there  are  no  variables  in  the  equation  that  satisfy  the  removal 
criteria. 

However,  for  the  purpose  of  this  test,  the  three  regression  equations  obtained  from 
the  first  twelve  data  points,  based  on  lag  1, 2  and  3,  were  used  to  reproduce  the 
forecasting  value  for  the  following  twelve  months  [see  Table  6].  Once  the  predicted 
values  were  obtained,  they  were  compared  against  the  actual  quantities  to  choose  the  one 
which  produced  the  best  MAD  result. 

Table  6.  Autoregression  Model  Coefficients  Using  Historical  Demand  Data  (1996) 


Parameters  Used  in  the  Autoregression  Model 


Reparabilify 

Demand 

Uniqueness 

H^9i 

HSSI 

Consumable 

Low 

Specific 

11.353 

-0.698 

0.109 

0.495 

Low 

Common 

4.781 

0.368 

High 

Specific 

6.742 

0.825 

High 

Common 

167.562 

0.306 

Repairable 

Common 

2.165 

0.869 

Specific 

3.461 

-0.657 

Common 

1.438 

-0.582 

0.0213 

0.293 

Specific 

0.946 

-0.189 

Linear  Regression.  The  causal  variables  used  to  explain  the  dependent  variable 
demand  were  the  month  or  period,  the  flying  hours,  and  the  cycles.  The  best  model  with 
its  respective  coefficients  was  calculated  [see  Table  7]  using  the  same  backward  stepwise 
regression  presented  in  previous  forecasting  method. 
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Table  7.  Regression  Model  Coefficients  Using  Historical  Demand  Data  (1996) 


Parameters  Used  in  the  Regression  Model 

Reparability 

Demand 

Uniqueness 

Month 

Hours 

Cycles 

Consumable 

Specific 

1.53 

0.79 

Common 

7.227 

0.0804 

Specific 

54.719 

3.043 

-0.0334 

Common 

146.879 

11.839 

Repairable 

Common 

-1.^ 

1.038 

Specific 

2.247 

0.0781 

0.008» 

-0.00048 

Common 

2669 

-0.00073 

Specific 

1.318E-16 

0.115 

The  parameters  selected  to  perform  the  forecasting  analysis  using  the  actual  data, 
observed  from  historical  demand  data  corresponding  to  1 996  in  all  40  possible 
combinations  of  treatments,  factors  and  levels  are  showed  in  Table  8. 

Table  8.  Forecasted  Demand  Parameters  Used  Historical  Demand  Data  (1996) 


1  Parameters  1 

Jsed  for  Forecasting 

Reparability 

Demand 

Uniqueness 

FI 

F2 

F3 

F4 

F5 

Consumable 

0.6 

0.1 

5 

lag  1,2,3 

month 

0.4 

0.3 

5 

Iag1 

month 

0.3 

0.8 

5 

lag  2 

month-hours 

0.4 

07 

5 

lag  3 

month 

Repairable 

mjEsm 

0.1 

0.4 

4 

lagi 

month 

High 

0.6 

0.2 

8 

lag  2 

Low 

0.1 

0.5 

9 

lag  1,2,3 

cycles 

Low 

0.3 

0.3 

8 

lag  2 

cycles 

Analyzing  the  results  the  a  value  in  single  exponential  smoothing  told  us  that  a 


small  value  of  a  is  given  a  greater  weight  to  demand  history  (repairable-  low  demand- 
common  or  specific).  A  higher  value  of  a  (consumable-low-specific  and  repairable-high- 
specific)  told  us  that  a  greater  weight  is  assigned  on  the  most  recent  demand  level. 
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In  the  case  of  double  exponential  smoothing  the  a  values  resulted  in  similar 
conclusions  as  single  exponential.  In  addition,  a  a  value  of  0.1  (consumable-low- 
specific)  told  us  that  a  seasonal  or  trend-cycle  phenomena  was  present. 

Looking  at  the  moving  average  parameters,  the  consumable  items  used  the  same 
value  of  5  previous  periods  indicating  that  these  historical  data  is  important.  For  the 
repairable  case  a  moving  average  of  9  periods  worked  well  most  of  the  time. 

Analyzing  the  lags  used  for  autoregression,  the  parameters  obtained  with  one  lag 
are  giving  a  greater  weight  to  demand  history  j  while  a  parameter  of  lag  three,  is  giving 
greater  weight  to  recent  demand  level  [Makndakis,  1983:  357]. 

Finally,  the  linear  regression  parameters  indicate  which  one  of  the  three 
explanatory  variables  (month,  hour  or  cycles)  were  most  useful  in  predicting  the 
dependent  variable  (demand  for  1997). 

Performing  The  Forecasting  Techniques 

Once  the  parameters  have  been  established,  the  next  step  was  to  use  the 
forecasting  method  for  each  of  the  40  possible  combinations  of  treatments,  factors  and 
levels.  The  forecasting  calculation  was  performed  by  mean  of  an  Excel  spreadsheet  using 
the  formulas  provided  in  Chapter  2. 

For  the  pvuposes  of  this  section  the  forecasting  calculation  for  one  item  is 
displayed  [see  Table  9].  Complete  information  for  the  remaining  parts  are  included  in 
Appendix  C  “  Forecasting  Calculations  for  1997  Using  Historical  Demand  Data”. 
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Table  9.  Single  Exponential  Smoothing  Calculations  on  P/N  61-0478-9 


Table  No. 

Category 

Part  Number 

Name 

Param^er 

Model 

Unit  Cost 

Oyl 

CONS-L-S 

61-04789 

Battery  Ni-Cad 

alpha=0.6 

Exponential 

$49.13 

Month  to  be 

Na  Period 

Actual  Value 

Forecast  Value 

Error 

(Enror)2 

APE 

Forecasted 

n 

Xi 

_ 

FI 

_ 

EfXI-R 

E2 

(100)*(|Ei|/Xi) 

Jan 

1 

19 

4 

15 

221.63 

78.35 

Feb 

2 

12 

13 

-1 

1.09 

8.71 

Mar 

3 

0 

12 

-12 

154.21 

#DlV/0! 

Apr 

4 

14 

5 

9 

81.59 

64.52 

May 

5 

10 

10 

0 

0.15 

3.87 

Jun 

6 

22 

10 

12 

140.31 

53.84 

Jul 

7 

12 

17 

-5 

27.69 

43.85 

Aug 

8 

16 

14 

2 

3.59 

11.85 

Sep 

9 

0 

15 

-15 

23Z32 

#DIV/0! 

Oct 

10 

25 

6 

19 

357.33 

75.61 

Nov 

11 

16 

17 

-1 

Z07 

8.99 

Dec 

12 

1 

17 

-16 

242.60 

1557.55 

Sums 

147 

142 

5 

1464.57 

#DIVf0! 

Measures  of  y 

Accuracy  I 

CFE 

ME 

MAO 

MSE 

SE 

MAPE 

5 

0.43 

9 

122.05 

11.54 

#DIV/0! 

As  it  can  be  seen  in  Table  9,  the  MAPE  showed  an  indefinite  value  because  there 
is  zero  (0)  demand  in  March  and  September.  If  the  true  demand  is  zero,  then  the  MAPE 
becomes  undefined.  For  this  reason,  if  the  true  demand  is  zero  the  MAPE  observation  is 
not  possible  and  should  be  ignored  [Sherbrooke,  1987:  5].  The  next  step  was  to 
summarize  the  individual  results  of  the  measures  of  forecasting  error  and  they  are 
presented  in  Table  10. 
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Table  10.  Measures  of  Forecasting  Errors 


FACTORS 

ACCURACY 

F1 

F2 

F3 

F4 

F5 

Consumable 

Low  demand 
Specific 

CFE 

5 

-1 

9 

32 

67 

ME 

0.4 

-0.1 

0.8 

5.6 

MAD 

0.43 

0.07 

0.75 

2.66 

5.59 

MSE 

122.05 

82.42 

79.61 

80.57 

105.71 

Consumable 

Low  dem  and 

Common 

CFE 

-19 

4 

-25 

-55 

-81 

ME 

-1.6 

0.3 

-2.1 

-4.6 

-6.8 

MAD 

1.55 

0.36 

2.12 

4.55 

6.75 

MSE 

10.11 

11.66 

18.35 

22.16 

46.72 

Consumable 
High  demand 
Specific 

CFE 

-7 

0 

-1 

-3 

32 

ME 

-0.6 

0.0 

-0.1 

-0.3 

MAD 

0.56 

0.01 

0.005 

0.23 

2.63 

MSE 

65.83 

1616.42 

57.18 

71.73 

237.2 

Consumable 
High  demand 
Common 

CFE 

-3 

-86 

3 

66 

1139 

ME 

-0.3 

-7.2 

0.3 

5.5 

94.9 

MAD 

0.25 

7.16 

0.23 

5.54 

94.95 

MSE 

1301.69 

4798.73 

1579.8 

1635.56 

15703.86 

Repairable 

High  demand 
Common 

CFE 

-17 

-2 

-34 

-29 

-36 

ME 

-1.4 

-0.2 

-2.8 

-2.4 

-3.0 

MAD 

1.41 

0.18 

2.8 

2.42 

3 

MSE 

14.08 

31.43 

32.41 

15.04 

70.19 

Repairable 

High  dem  and 
Specific 

CFE 

4 

0 

6 

9 

7 

ME 

0.3 

0.0 

0.5 

0.8 

0.6 

MAD 

0.34 

0.01 

0.51 

0.75 

0.58 

MSE 

3.05 

18.08 

2.76 

3,21 

3.26 

Repairable 

Low  dem  and 

Common 

CFE 

1 

-2 

-3 

1 

0 

ME 

0.1 

-0.2 

-0.3 

0.1 

0.0 

MAD 

0.07 

0.13 

0.22 

0.11 

0 

MSE 

4.62 

9.21 

4.72 

7.06 

4.09 

Repairable 

Low  demand 
Specific 

CFE 

1 

1 

0 

2 

-2 

ME 

0.08 

0.08 

0.0 

0.2 

-0.2 

MAD 

0.05 

0.05 

0 

0.18 

0.16 

MSE 

3.02 

4.11 

2.3 

2.34 

2.35 

Analysis  of  Variance,  ANOVA 

Eight  (8)  aircraft  parts  were  selected  to  participate  in  the  experiment  in  order  to 
determine  the  effects  of  repairability,  demandability  and  uniqueness  on  the  accuracy  of 
the  five  different  forecasting  methods.  For  the  initial  analysis,  a  factorial  procedure 
(General  Linear  Model)  was  performed.  Factorial  procedures  are  those  involving  more 
than  one  factor,  as  well  as  combinations  of  the  factors.  F  tests  can  be  conducted  to 
determine  whether  treatment  means  differ,  and,  if  so,  whether  the  factors  interact  or 
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independently  affect  the  response  mean  [McClave,  1994:  908].  When  the  analysis  of 
variance  indicates  that  the  average  responses  of  treatment  means  differ,  it  is  usually  of 
interest  to  make  comparisons  between  the  individual  treatment  means.  In  this  case  a 
Bonferroni  test  was  performed  with  an  overall  confidence  level  of  95%. 

^Vhen  performing  the  GLM  factorial  analysis,  some  assumptions  [McClave,  1994: 
532, 901]  are  necessary  to  assure  the  validity  of  the  analysis.  They  are: 

■  For  any  given  set  of  values  x„  X2. .  .x„,  the  random  error  s  has  a  normal 
probability  distribution  with  mean  equal  to  0  and  variance  equal  to 
•  The  random  errors  are  independent  in  a  probabilistic  sense. 

Before  the  conclusions  firom  the  analysis  of  variance  are  adopted,  the  adequacy  of 
the  underlying  model  should  be  checked.  The  primary  diagnostic  tool  is  an  analysis  of 
the  residuals.  The  residuals  from  the  absolute  value  of  forecast  error  are  shown  in  Figure 
3.  The  normal  probability  plot  and  dot  diagram  of  these  residuals  reveals  that  the 
residuals  are  not  normally  distributed.  Then,  plotting  the  residuals  versus  the  predicted 
values  indicates  that  the  variances  of  the  results  are  not  constant.  Therefore,  the 
assumptions  necessary  for  the  validity  of  this  tests  (normality  and  equal  variances)  are  not 
being  satisfied. 
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Normal  Q-Q  Plot  of  Predicted  Value  for  ABSER 


Observed  vs.  Predicted  Values.-  Original  Demand  Data 


Predicted  Value  for  ABSERROR 


Figiire  3.  Analysis  of  Normality  and  Equal  Variances 


If  these  assumptions  are  not  met,  then  the  analysis  of  variance  procedure  is  not  an 
exact  test  of  the  h5q)0thesis  of  no  difference  in  treatment  means.  Consequently,  it  is 
usually  xmwise  to  rely  on  the  analysis  of  variance  until  the  assumptions  have  been 
validated  [Montgomery:  1997:  79-80].  Even  though  the  ANOVA  assumptions  were  not 
met  the  ANOVA  results  are  presented  to  gain  a  general  understanding  about  the 
performance  of  the  forecasting  methods  [Table  11]. 

The  first  test  was: 

Hj,:  No  performance  differences  between  treatments  in  F„  F2,...F„  for  all  factor 
level  combination. 

H3:  At  least  one  factor  and  level  combination  differs  fi-om  others. 
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Table  1 1 .  ANOVA  Table  Using  Historical  Demand  Data 


Tests  of  Between-Subjects  Effects 


Dependent  Variable:  ABSERROR 

Type  III 

Mean 

Source 

umofSquar 

df 

Square 

F 

Sig. 

460177.831 

39 

11799.432 

21.199 

0.0000 

129002.419 

1 

129002.419 

231.766 

0.0000 

Mi 

;  >168.873 

5  .0.(tt70 

. . . - 

^77140.052 

■'>*  -s',  :  ■{ 

.  >  m590 

V'  |5J70 

'  ;  ;.5  P.0W 

TREATMENT ’REPAIR 

4597.971 

4 

1149.493 

2.065 

0.0844 

TREATMENT 'DEMAND 

6659.313 

4 

1664.828 

2.991 

0.0187 

REPAIR 'DEMAND 

66481.669 

1 

66481.669 

119.441 

0.0000 

TREATMENT  '  REPAIR '  DEMAND 

5390.946 

4 

1347.736 

2.421 

0.0477 

TREATMENT 'UNIQUE 

542.596 

4 

135.649 

0.244 

0.9134 

REPAIR 'UNIQUE 

40095.352 

1 

40095.352 

72.035 

0.0000 

TREATMENT'  REPAIR  '  UNIQUE 

502.679 

4 

125.670 

0.226 

0.9240 

DEMAND 'UNIQUE 

57706.602 

1 

57706.602 

103.676 

0.0000 

TREATMENT  '  DEMAND '  UNIQUE 

913.304 

4 

228.326 

0.410 

0.8013 

REPAIR 'DEMAND 'UNIQUE 

51480.919 

1 

51480.919 

92.491 

0.0000 

TREATMENT  '  REPAIR  '  DEMAND  '  UNIQUE 

763.904 

4 

190.976 

0.343 

0.8488 

Error 

244906.750 

440 

556.606 

Total 

834087.000' 

480 

Corrected  Total 

705084.5813 

479 

R  Squared  =  .653  (Adjusted  R  Squared  =  .622) 


The  results  suggest  that  at  around  0.027  level  of  significance  the  should 
rejected  and  it  is  suspected  that  at  least  one  of  the  treatment  means  were  not  equal. 

After  suspecting  that  the  treatment  means  differ,  and  therefore  that  the  factors 
somehow  affect  the  mean  response,  one  should  determine  how  the  factors  affect  the  mean 
response.  The  following  test  was  conducted: 

Factors  of  repairability,  demandability  and  uniqueness  do  not  interact  to  affect 


the  response  mean 

Hg:  Factors  of  repairability,  demandability  and  uniqueness  do  interact  to  affect  the 


response  mean 
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The  results  suggest  that  at  around  0.000  level  of  significance  the  should 

rejected  and  it  is  suspected  that  the  factors  affect  the  forecasting  error. 

Because  the  factors  interact,  there  is  difficulty  in  testing  the  main  effects  for 
repairability,  demandability  and  uniqueness.  Instead,  the  treatment  means  were 
compared  in  an  attempt  to  learn  the  nature  of  their  interaction.  Rather  than  compare  all 
40  pairs  of  treatment  means,  the  differences  between  the  forecasting  methods  were 
studied  using  a  Bonferroni  test  [Table  12].  However,  the  results  must  be  interpreted  with 
caution  since  the  Bonferroni  test  shares  the  same  assumptions  as  ANOVA  does. 


Table  12.  Bonferroni  Test  for  Multiple  Comparisons 


(1)  Forecasting  Method 

(J)  Forecasting  Method 

Mean 

Difference  (l-J) 

Std. 

Error 

Sig. 

95%  Confidence  Interval 

Lower  Bound 

Upper  Bound 

Expon 

D.Expon  Brown 

BilHESl!! 

3.405 

0.279 

-17.118 

2097 

MovAvg 

3.405 

1.000 

-7.263 

11.951 

Autoregres 

2.1042 

3.405 

1.000 

-7.503 

11.711 

Linear  Regression 

3.405 

1.000 

-9.816 

9.399 

D.Expon  Brown 

Expon 

7.5104 

3.405 

0.279 

-2.097 

17.118 

3.405 

0.247 

19.461 

Atttoregres,  ;;  . 

3.405 

0.050 

0.007 

19.222 

Linear  Regression 

7.3021 

3.405 

0.326 

-2.305 

MovAvg 

Expon 

-2.3438 

3.405 

1.000 

-11.^1 

7.263 

aeKpon  &own, 

J  I:; 

3.405 

0.040 

-19.461 

-0.247 

Autoregres 

-0.2396 

3.405 

1.000 

9.368 

Linear  Regression 

-2.5521 

3.405 

1,000 

7.055 

Autoregres 

Expon 

-2.1042 

1.000 

-11.711 

0.050 

-19.222 

-0.007 

MovAvg 

0.2396 

3.405 

1.000 

-9.368 

9.847 

Linear  Regression 

-2.3125 

3.405 

1.000 

-11.920 

7.295 

Linear  Regression 

Expon 

0^2083 

3.405 

1.000 

-9.399 

9.816 

D.Expon  Brown 

-7.3021 

3.405 

0.326 

-16.909 

2.305 

MovAvg 

2.5521 

3.405 

1.000 

-7.055 

12.159 

Autoregres 

2.3125 

3.405 

1.000 

-7.295 

11.920 

Based  on  observed  means.  *  The  mean  difference  is  significant  at  the  .05  level. 


Observing  the  Bonferroni  test  for  multiple  comparisons,  the  mean  difference  of 
double  exponential  smoothing  is  significant  at  the  0.05  level  from  the  mean  difference  of 
the  moving  average  and  the  autoregression  method.  However,  the  confidence  intervals 
showed  that  all  forecasting  methods  overlapped  each  other.  Based  on  this  information, 
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one  should  suspect  that  there  was  not  significant  evidence  to  say  that  the  forecasting 
methods  were  different  from  each  other. 

Therefore,  the  data  used  for  assessing  the  forecasting  performance  did  not  provide 
enough  statistical  power  to  determine  the  effects  during  the  interactions  because  the 
assumptions  for  normality  and  equal  variances  were  not  met.  These  results  led  to 
performing  a  non-parametric  test. 

Non-Parametric  Test 

In  this  section  we  considered  the  problem  of  analyzing  several  related  samples  to 
detect  differences  in  k  possible  different  treatments,  where  K>=2.  The  observations  were 
arranged  in  blocks,  which  are  groups  of  k  experimental  imits  similar  to  each  other  in 
some  important  respects  (such  as  the  forecasting  techniques).  These  techniques  may  tend 
to  respond  to  a  particular  stimulus,  the  categories  of  part  munber,  in  different  way  imder 
different  measures  of  accuracy. 

The  suggested  test  is  the  Friedman  test,  equivalent  of  a  one-sample  repeated 
measiues  design  or  a  two-way  analysis  of  variance  with  one  observation  per  cell 
[Conover,  1980: 298-302].  Friedman  tests  the  null  hypothesis  of  no  treatment 
differences.  The  test  statistic  depends  only  on  the  ranks  of  the  observation  within  each 
block.  This  test  is  an  extension  of  the  sign  test.  Therefore,  the  power  of  the  Friedman 
test  is  useful  for  a  small  number  of  treatments.  If  the  number  of  treatments  appear  to  be 
five  or  more,  this  test  appears  to  be  more  powerful  than  the  Quade  test  [Conover,  1980: 
298-302]. 
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The  pvirpose  of  the  Friedman  Multiple  Rank  tests  is  to  compare  ranked 
performance  between  levels  of  critical  factors.  The  assumptions  necessary  to  assure  the 
validity  of  this  test  are  as  follows: 

•  The  b  k-variables  are  mutually  independent.  (The  results  within  one  block  do 
not  influence  the  results  within  the  other  blocks) 

•  Within  each  block  the  observations  may  be  ranked  according  to  some  criterion 
of  interest.  In  this  particular  case,  it  is  important  to  determine  which 
forecasting  technique  performs  better  for  each  category  of  part  number.  The 
best  measure  of  accuracy  is  ranked  as  1 . 

•  The  sample  range  may  be  determined  within  each  block  so  that  the  blocks 
may  be  ranked. 

The  hypothesis  to  be  tested  is: 

•  Ho:  Each  ranking  of  the  measures  of  accuracy  within  each  block  is  equally 
likely,  (i.e.  the  treatments  have  identical  effects) 

•  Ha;  At  least  one  of  the  forecasting  techniques  tends  to  yield  a  larger  observed 
values  than  at  least  one  other  treatment 

Test  Statistics:  For  convenience,  first  calculate  the  terms 

;=1  >1 

where  Rj  =  R{Xy )  (19) 

>1  /-I 

(»-!)[£, -6t(t  + 1)^4 

’  A  -  \ 
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Decision  Rule:  Reject  the  null  hypothesis  at  the  level  a  if  Tj  exceeds  the  1-a 


quartile  of  the  F  distribution  with  Ki=K-l  and  K2=(b-l)(k-l). 

Mxiltiple  comparisons:  This  method  for  comparing  individual  treatments  vrill  be 
used  only  if  the  Friedman  test  results  in  rejection  of  the  null  hypothesis.  Treatments  i  and 
j  are  considered  different  if  the  following  inequality  is  satisfied: 

2b(A2  -B2)  ^  QjN 

(&-l)(^-l)J 


1  -^j  1^  ^l-al2 


Based  on  the  previous  formula,  one  Friedman  test  was  performed  for  each  factor 
combination  (individual  part  number).  For  the  purpose  of  the  methodology,  the 
calculation  for  the  part  representing  a  consumable-low  demand-common  item  (p/n  307)  is 
presented  in  Table  13.  The  overall  null  hypothesis  was  rejected;  at  least  one  forecasting 
technique  differed  in  rank  performance  from  another  at  a  0.01  confidence  level. 

The  second  part  (multiple  comparison)  indicates  which  of  the  treatments  can  be 
separated  into  groups  based  on  a  critical  t  selected  with  99%  of  confidence.  In  this  case, 
forecasting  method  2  and  forecasting  method  1  had  better  performance,  and  were 
different  from  forecasting  methods  3, 4  and  5,  and  that  forecasting  method  5  was  also 
different  from  3  and  4.  The  same  procedure  was  performed  for  the  remaining  parts  [see 
Appendix  D]  and  the  results  obtained  are  summarized  in  Table  13. 
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Table  13.  Non-parametric  Friedman  Test  for  P/N  307 


m 

*Pii 

“pPfXilpis 

Quantity  Noi2 

307 

Consumable 

Low  demand 

Common 

CFE 

2 

1 

3 

4 

5 

55 

ME 

2 

1 

3 

4 

5 

55 

MAD 

2 

1 

3 

4 

5 

56 

MSE 

1 

2 

3 

4 

5 

55 

7 

5 

12 

16 

20 

49 

25 

144 

256 

400 

21?* - 

K>:AII  Forecast] 

bF 

k= 

K,= 

K2= 

ng  Techniques  are  equal 

4 

5 

4 

12 

220 

^2=  2ia5 

77.00  (T  stalitstics) 

F(^,K,,iy=  5i412  (critical  vakje) 

Overall  p-vaiue=  0.010 

R^eclli?  Yes(r2>F) 

a 

tl-«/yc2 

^critical 

MUL 1  IPLt  UOMK’AWSUN  “ 

0.99 

3.05454 

a055 

Treat 

Rank 

1 

li 

111 

IV 

R>Taiticd;nextl€ 

vei 

F2 

5 

A 

INote:  Actoed  from  Concver,  J.  1980: 300 

FI 

7 

A 

IR  Rbt  [2^(4-^)] 

2 

F3 

12 

B 

F4 

16 

C 

F5 

20 

D 

Analyzing  the  summary  table,  it  can  be  said  that  at  least  one  forecasting  method 
was  different  from  the  others  for  all  factor  combinations,  except  for  repairable-high- 
specific.  However,  there  was  not  enough  statistical  power  to  determine  the  real 
performance  of  the  forecasting  techniques  under  the  influence  of  the  eight  levels  of  the 
three  factors. 

Based  on  the  results  obtained  from  the  parametric  statistical  analysis,  ANOVA, 
and  the  non-parametric  tests  (Friedman),  it  can  be  concluded  that  the  experiment  did  not 
provide  enough  statistical  power  to  draw  accurate  conclusions.  These  results  led  to  the 
simulation  of  new  data  points  to  get  more  statistical  power  for  conducting  this 
experiment. 
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Table  14.  Non-Parametric  Friedman  Test  Summary 


ISUMMARY  TABLE  MULTIPLE  RANK  TEST  | 

3.05 

■1 

■1 

■I 

■i 

Category 

^critical 

Jl 

a 

m 

m 

Category 

Tcrilical 

a 

o 

n 

■a 

Consumable 

10.13 

F2 

D 

■ 

B 

Consumable 

9,82 

B 

B 

Low  demand 

F3 

10 

H 

B 

B 

B 

High  demand 

B 

B 

B 

Specific 

FI 

11 

H 

B 

B 

B 

Specific 

F4 

12 

B 

B 

c 

B 

F4 

14 

D 

B 

B 

B 

FI 

14 

B 

B 

c 

B 

F5 

19 

II 

B 

B 

B 

F5 

19 

B 

c 

B 

Consumable 

3.05 

F2 

5 

D 

Consumable 

2.49 

F1 

6 

B 

Low  demand 

FI 

7 

H 

High  demand 

F3 

6 

B 

Common 

F3 

12 

B 

Common 

F4 

12 

B 

B 

F4 

16 

■ 

c 

F2 

16 

B 

c 

F5 

20 

■ 

D 

F5 

20 

B 

■ 

BB 

m 

Repairable 

34.54 

F2 

6 

B 

■ 

■ 

B 

Repairable 

34.85 

F5 

4 

B 

B 

B 

B 

High  demand 

FI 

7 

D 

B 

B 

B 

Low  demand 

F1 

9 

B 

B 

B 

B 

Common 

F4 

11 

B 

B 

B 

B 

Common 

F4 

12 

B 

B 

B 

B 

F3 

16 

D 

B 

B 

B 

F2 

17 

B 

B 

B 

B 

F5 

20 

H 

B 

B 

B 

F3 

18 

B 

B 

B 

B 

Repairable 

35.12 

F2 

8 

B 

B 

B 

B 

Repairable 

35,16 

F3 

4 

B 

B 

B 

B 

High  demand 

FI 

8 

B 

B 

B 

B 

Low  demand 

FI 

11.5 

B 

B 

B 

B 

Specific 

F3 

10 

B 

B 

B 

B 

Specific 

F2 

12.5 

B 

B 

B 

B 

F5 

16 

B 

B 

B 

F4 

16 

B 

B 

B 

B 

F4 

18 

B 

B 

B 

B 

F5 

16 

B 

B 

B 

B 

Phase  3-  Prepare  and  Perform  the  Simulation  Experiment 

The  goal  of  this  simulation  experiment  is  to  obtain  point  and  interval  estimates  of 
the  parameters  of  interest  for  the  different  forecasting  techniques,  to  compare  these 
techniques  conceptually  and  statistically,  and  to  draw  inferences  about  the  treatment 
effects.  The  most  important  parameters  to  quantify  the  performance  of  the  forecasting 
methods  were  the  forecast  errors.  The  forecast  errors  parameters  were  the  cumulative 
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forecasting  error,  CFE,  the  mean  error,  ME,  the  mean  absolute  deviation,  MAD,  and  the 
mean  squared  error,  MSE. 

Up  to  this  point,  the  experiment  compared  the  performance  of  five  forecasting 
techniques  on  4  parameters  (CFE,  ME,  MAD,  and  MSE).  However,  for  the  purpose  of 
the  simulation  only  four  forecasting  techniques  were  used.  They  are  single  exponential 
smoothing,  double  exponential,  moving  average,  and  autoregression.  The  linear 
regression  was  not  going  to  be  simulated  for  several  reasons.  First,  in  7  out  of  8  cases  the 
performance  was  the  worst.  In  addition,  there  would  be  no  data  to  use  for  the  explanatory 
variables,  hours  and  cycles. 

The  study  is  interested  in  determining  the  bias  and  the  deviation  of  the  errors. 

The  ME  is  a  measure  of  bias,  and  the  MAD  and  MSE  measure  the  deviation.  The  CFE  is 
not  going  to  be  used  for  the  statistical  tests  because  it  provides  similar  information  to  the 
ME. 


Model  Conceptualization 

In  essence,  the  researcher  is  interested  in  simulating  additional  demand  of  aircraft 
spare  parts  [Figure  4].  This  was  based  on  the  theoretical  distribution  of  the  irregular 
component  that  was  observed  after  the  decomposition  of  the  time  series  that  corresponds 
to  historical  demand  data.  Using  the  Rnguniform  Excel  fimction,  new  irregular 
component  data  points  were  generated.  After  that,  the  seasonal  and  trend  cycle  was 
added  to  obtain  the  simulated  demand  data. 
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The  parameters  that  best  fit  the  different  forecasting  methods  were  calculated 
using  the  information  provided  on  the  historical  demand  data  that  corresponds  to  24 
periods.  Once  the  parameters  were  determined,  the  next  step  was  to  calculate  the  CFE, 
ME,  MAD,  and  MSE. 


Actual 

Demand 


Decomposition  of 
Time  Series 


Figure  4.  Model  Conceptualization 


Time  Series  Decomposition 

The  procedure  of  decomposition  is  performed  because  the  researcher  is  interested 
in  reproducing  the  demand  pattern  in  a  simulation  model.  Many  forecasting  methods  are 
based  on  the  concept  that  when  an  imderlying  pattern  exists  in  a  data  series,  that  pattern 
can  be  distinguished  from  randomness  by  smoothing  past  values.  The  effect  of  this 
smoothing  is  to  eliminate  randomness  so  the  pattern  can  be  projected  into  the  future  and 
used  as  the  forecast  [Makridakis,  1997:  86]. 

Decomposition  methods  usually  try  to  identify  two  separate  components  of  the 
basic  underlying  pattern  that  characterize  the  time  series.  These  are  the  trend-cycle  and 
the  seasonal  factors.  The  seasonal  factor  relates  to  periodical  fluctuations  of  constant 
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length  that  are  caused  for  the  month  of  the  year,  timing  of  holidays,  and  corporate 
policies.  The  trend-cycle  represents  longer-term  changes  in  the  level  of  the  series. 
Decomposition  assume  that  the  data  pattern  are  made  up  as  follows: 

Data  =  pattern  +  error 

Data  =  f(trend-cycle,  seasonality,  error) 

The  basic  approach  in  such  decomposition  is  empirical  and  consists  of  first 
removing  the  trend-cycle,  then  isolating  the  seasonal  component.  Any  residual  is 
assumed  randomness,  or  an  irregular  component  in  the  time  series.  This  irregular 
component  can  not  be  predicted,  but  can  be  identified.  From  a  statistical  point  of  view 
there  are  a  number  of  theoretical  weaknesses  in  the  decomposition  approach;  however,  in 
real  life  situations  it  has  been  used  with  success  [Makndakis,  1997 :  87]. 

Decomposition  methods  can  be  classical  decomposition,  census  bureau  method, 
and  seasonal  trend  STL  method.  For  the  purpose  of  this  study  we  vdll  focus  on  the 
classical  decomposition  method  because  of  its  simplicity. 

The  classical  decomposition  can  take  the  form  of  additive  or  multiplicative  model. 
An  additive  model  is  appropriate  if  the  magnitude  of  the  seasonal  fluctuations  does  not 
vary  with  the  level  of  the  series.  However,  if  the  seasonal  fluctuations  increase  and 
decrease  proportionally  with  increases  and  decreases  in  the  level  of  the  series,  then  a 
multiplicative  model  is  appropriate  [Makridakis,  1997:  88]. 

Therefore,  to  decompose  the  time  series  of  the  eight  (8)  part  numbers  proposed 
this  study  will  assumed  that  the  time  series  is  additive  with  monthly  seasonal  periodicity. 
For  the  clarity  of  the  process  followed  during  the  decomposition,  the  same  mechanics  of 


showing  the  process  for  one  part  number  will  be  used  [see  Table  15].  A  classical 
decomposition  can  be  carried  out  using  the  following  four  steps  [Makridakis,  1997: 107]: 


Table  15.  Classical  Decomposition,  Additive  Model 


CO  NS-L-S 

M  onth 

P/N  61  -0478-9 

0  b  s  (Y  t) 

T ren  d 

12  M  A  (Tt) 

D  etren  d 
Yt-Tt 

Seasonal 

St 

lrre|  u  la  r 

Jan-96 

0 

4.3077 

-4.3077 

1.4712 

-5.7788 

Fefa-96 

0 

6.9333 

-6.9333 

-4.0083 

-2.92  50 

Mar-9  6 

0 

6.1  176 

-6.1176 

-8.6005 

2.4828 

Apr-96 

0 

7.6842 

-7.6842 

-3.4254 

-4.25  88 

M  ay-96 

14 

7.61  90 

6.3810 

1.8155 

4.56  55 

J  u  n -96 

14 

6.9565 

7.0435 

-1  .35  33 

Jul-96 

0 

8.2500 

-8.2500 

-4.5163 

-3.73  37 

Aug-96 

24 

9.2500 

1  4.7500 

5.4702 

S  e  p  -9  6 

0 

9.2500 

-9.2500 

-1  0.7303 

1  .4803 

Oct-96 

21 

10.4167 

1  0.5833 

1  0.968  1 

-0.3848 

Nov-96 

7 

1  1  .2500 

-4.2500 

-0.9250 

-3.3250 

D  e  c  -9  6 

0 

1  1  .91  67 

-1 1  .9167 

-1  2.5353 

0.61  86 

Jan-97 

19 

1  1  .7500 

7.2500 

1.4712 

5.77  88 

Feb-97 

12 

1  3.0833 

-1.0833 

-4.0083 

2.92  50 

Mar-9  7 

0 

1  1  .0833 

-1  1  .0833 

-8.6005 

-2.4828 

Apr-97 

14 

13.1667 

0.8333 

4.2588 

M  ay-97 

10 

1  2.7500 

1.8155 

-4,5655 

Jun-97 

22 

1  2.2500 

9.7500 

8.3967 

1.35  33 

Jul-97 

12 

1  2.7826 

-0.7826 

-4.5163 

3.7337 

Aug-97 

16 

12.1905 

3.8095 

9.2798 

-5.4702 

Sep-97 

0 

12.2105 

-12.2105 

-1  0.7303 

-1  .4803 

Oct-97 

25 

1  3.6471 

1  1  .3529 

1  0.9681 

0.3848 

Nov-9  7 

16 

1  3.6000 

2.4000 

-0.9250 

3.3250 

D  ec  -9  7 

-13.1538 

-1  2.5353” 

-0  .6i  8  6 

Step  1.  The  trend  cycle  is  computed  using  a  centered  12  moving  average.  In  this 


case  a  centered  moving  average  is  not  an  odd  number  for  all  the  periods.  Generally,  the 


form  of  the  center  moving  average  for  22  months  is  as  follows: 


1/12[0.5,1,1,1,1,1,1,1,1,1,1,0.5] 

In  the  case  where  one  observation  is  missing,  it  will  be  reduced  using  the  same 


weight  for  the  moving  average. 


Step  2.  The  de-trended  series  is  computed  by  subtracting  the  trend-cycle 


component  from  the  data,  leaving  the  seasonal  and  irregular  terms.  That  is. 


Y.-T.  =  S.  +  E. 


(22) 
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step  3.  Once  the  trend-cycle  component  has  been  removed,  the  seasonal 
component  is  estimated  by  averaging  the  value  for  each  of  the  corresponding  periods  in 
the  data.  In  other  words,  the  seasonal  index  for  period  1 ,  or  January,  is  the  average  of  all 
the  de-trended  values  for  period  1,  and  so  on.  It  is  assumed  that  the  seasonal  component 
is  constant  for  every  period  within  the  years  of  study. 

Step  4.  Finally,  the  irregular  series  E,  is  computed  by  subtracting  the  estimated 
seasonality,  trend,  and  cycle  from  the  original  data  series.  A  graphical  representation  of 
all  the  four  steps  described  above  is  presented  in  Figure  5.  In  this  graph,  it  is  very  easy  to 
detect  the  trend-cycle  and  the  seasonality.  Similar  procedures  of  decomposition  for  the 
remaining  part  numbers  included  in  this  study  are  in  Appendix  E  “  Decomposition  of 
Historical  Demand  Data”. 


Figure  5.  Analysis  of  Time  Series  Component  in  Actual  Data 

Underlying  Statistical  Distribution 

Based  on  the  results  obtained  from  the  decomposition  method,  and  the  shape  of 
the  irregular  component,  the  theoretical  probability  distribution  in  all  the  cases  was  a 
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uniform  distribution  and  the  parameters  of  the  underlying  distributions  are  summarized  in 
Table  16. 


Table  16.  Parameters  of  the  Theoretical  Uniform  Distributions 


Quantity 

Part  Number 

Name 

Msmm 

Minimum 

Maximun 

1 

61-04789 

ha!aajii»eBi 

CONS-L-S 

-5.78 

5.78 

2 

307 

msamm 

CONS-L-C 

-12.40 

12.40 

3 

F1815/WW/RS 

Bulb  lamp 

CONS-H-S 

-14.23 

14.23 

4 

MS24665-134 

Pin  Cotter 

CONS-H-C 

-154.51 

154.51 

5 

ZP650-SC-M-B-3 

REP-H-C 

4.15 

4.15 

6 

2-1517 

Brake  Assy 

REP-H-S 

-2.01 

2.01 

7 

622-2362-001 

ADF  Receiver 

REP-L-C 

-1.94 

1.94 

8 

DH1030-24-600CS 

Inverter 

REP-L-S 

-3.31 

3.31 

To  validate  the  hypothesized  uniform  distribution  of  the  irregular  component,  a 
goodness-of-fit-test  using  a  Kolmogorov-Smimov  test  was  performed  [Table  17]  because 
it  is  particularly  useful  when  sample  sizes  are  small  [Banks,  1997;  409]. 

In  order  to  eliminate  the  negative  numbers  from  the  actual  irregular  component,  a 
quantity  of  160  was  added  to  move  the  distribution  without  affecting  the  original  pdf  and 
cdf  of  the  original  irregular  component.  Similar  procedures  performed  with  the 
remaining  part  numbers  are  located  in  Appendix  F  “  Kolmogorov  Test  for  the  Uniform 
Distribution”. 


85 


Table  17.  Test  for  the  Uniform  Distributions  Using  a  Kolmogorov  Test 


1 

Transformed 

Ranked 

Normalized 

l/N 

D- 

1 

154.2212 

154.221 

0.040 

0.04 

0.0015 

0.040 

2 

157.0750 

154.530 

0.080 

0.08 

0.0029 

0.039 

3 

162.4828 

155.435 

0.121 

0.13 

0.0041" 

0.038 

4 

155.7412 

155.741 

0.161 

0.17 

0.0052 

0.036 

2 

164.5655 

156.266 

0.202 

0.08 

0.0000 

0.035 

6 

158.6467 

156.675 

0.243 

0.25 

0.0071 

0.160 

7 

156.2663 

157.075 

0.284 

0.29 

0.0078 

0.034 

8 

165.4702 

157.517 

0.325 

0.33 

0.0085 

0.033 

9 

161.4803 

158.520 

0.366 

0.38 

0.0089 

0.033 

10 

159.6152 

158.647 

0.407 

0.42 

0.0092 

0.032 

11 

156.6750 

159.381 

0.449 

0.46 

0.0094 

0.032 

12 

160.6186 

159.615 

0.491 

0.50 

0.0095 

0.032 

13 

165.7788 

160.385 

0.532 

0.54 

0.0094 

0.032 

14 

162.9250 

160.619 

0.574 

0.58 

0.0092 

0.032 

15 

157.5172 

161.353 

0.616 

0.63 

0.0089 

0.033 

16 

164.2588 

161.480 

0.658 

0.67 

0.0085 

0.033 

17 

155.4345 

162.483 

0.701 

0.71 

0.0078 

0.034 

18 

161.3533 

162.925 

0.743 

0.75 

0.0071 

0.035 

19 

163.7337 

163.325 

0.785 

0,79 

0.0062 

0.035 

20 

154.5298 

163.734 

0.828 

0.83 

0.0052 

0.036 

21 

158.5197 

164.259 

0.871 

0.88 

0.0041 

0.038 

22 

160.3848 

164.565 

0.914 

0.92 

0.0029 

0.039 

23 

163.3250 

165.470 

0.957 

0.96 

0.0015 

0.040 

24 

159.3814 

165.779 

1.000 

1 

0.0000 

0.042 

3840 

0.009473122 

0.159601034 

Ho  :  Irregular  component  is  uniform  distributed 
D=  0.159601034  D(a,N)=  0.277608838  (critical  value  ) 


a=  0.05  Reject  Ho?  NO  (D<  D(a,N)) 

N=  24 

Simulation  of  Actual  Demand  Data. 


To  verify  and  validate  the  model  the  following  steps  were  accomplished  before 
the  simulation  of  the  complete  data  for  the  experiment: 

1 .  Generate  24  random  data  points  using  the  imderlying  statistical  distribution  of  the 
irregular  component  obtained  from  the  time  series  decomposition.  The  random 
number  are  generated  using  the  excel  function  Rnguniform  (min,  max)  with  the 
parameters  previously  established  from  the  irregular  component  of  the  actual  demand, 
observed  from  historical  data. 
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2.  Aggregation  of  the  seasonal  component  and  trend-cycle  component  to  previous 
random  numbers  to  obtain  24  simulated  demand  data  points.  To  add  the  trend 
component,  a  regression  line  was  calculated  for  the  de-trended  values.  Finally,  a  new 
actual  simulated  demand  data  where  Y’,>=0  is  obtained  [Table  18].  The  remaining 
calculations  are  in  Appendix  G  “  Transformation  of  Simulated  Demand  Data”. 


Table  18.  Procedure  to  Obtain  Actual  Simulated  Demand  Data 


ttodelCoe 

Rici^iitst  dbmfiimentfr; 

[Excel  Formula=Rnguniform(min.max) 

Bo 

5.94775|b1  i  0.366245 

iiiscoNygRabN 

OFl$lMOlAtEOt(RRE0OiA 

RCbMPOMENf  DMA  fO 

Month 

Period 

E’t 

St 

Bo 

B1 

Y't 

Y’t(Trunc,0) 

Jan-96 

1 

2.3852 

1.4712 

5.948 

0.3662 

10 

10 

Feb-96 

2 

5.1942 

4.0083 

5.948 

0.7325 

8 

8 

Mar-96 

3 

-0.7794 

-8.6005 

5.948 

1.0987 

-2 

,  0 

Apr-96 

4 

-0.9326 

-3.4254 

5.948 

1.4650 

3 

3 

May-96 

5 

-2.6145 

1.8155 

5.948 

1.8312 

7 

7 

Jun-96 

6 

4.5707 

8.3967 

5,948 

2.1975 

12 

12 

Jul-96 

7 

3.3628 

4.5163 

5.948 

2.5637 

7 

7 

Aug-96 

8 

-3.4038 

9.2798 

5.948 

2.9300 

15 

15 

Sep-96 

9 

-1.3666 

-10.7303 

5.948 

3.2962 

-3 

0 

Oct-96 

10 

-0.3378 

10.9681 

5.948 

3.6625 

20 

20 

Nov-96 

11 

1.4849 

-0.9250 

5.948 

4.0287 

11 

11 

Dec-96 

12 

0.1918 

-12.5353 

5.948 

4.3949 

-2 

0 

Jan-97 

13 

1,7204 

1.4712 

5.948 

4.7612 

14 

14 

Feb-97 

14 

0.9680 

4.0083 

5.948 

5.1274 

8 

8 

Mar-97 

15 

-3.0647 

-8.6005 

5.948 

5.4937 

0 

0 

Apr-97 

16 

-0.0412 

-3.4254 

5.948 

5.8599 

8 

8 

May-97 

17 

2.5364 

1.8155 

5.948 

6.2262 

17 

17 

Jun-97 

18 

-5.5323 

8.3967 

5.948 

6.5924 

15 

15 

Jul-97 

19 

1.9986 

4.5163 

5.948 

6.9587 

10 

10 

Aug-97 

20 

5.7176 

9.2798 

5.948 

7.3249 

CO 

CM 

28 

Sep-97 

21 

-3.6325 

-10.7303 

5.948 

7.6911 

-1 

0 

Oct-97 

22 

-5.2219 

10.9681 

5.948 

8.0574 

20 

20 

Nov-97 

23 

0.0910 

-0.9250 

5.948 

8.4236 

14 

14 

Dec-97 

24 

-5.6394 

-12.5353 

5.948 

8.7899 

-3 

0 

3 .  Validation  of  the  actual  simulated  demand  data  using  a  paired  T-test.  The  paired  T- 
test  was  performed  against  the  actual  demand  data  observed  from  historical  data.  The 
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null  hypothesis  developed  is  that  the  two  populations  are  different  at  a  0.05  level.  The 
procedure  to  perform  the  paired  T-test  is  showed  in  table  19.  The  remaining 
calculations  are  in  Appendix  H  “Comparison  of  Actual  Demand  versus  Simulated 
Demand”. 


Table  19.  Paired  T-test  to  Compare  Simulated  Demand  versus  Actual  Demand 


COMPARISON  OF  ACTUAL  DATA  AND  SIMULATED  DATA  (PAIR  T-TEST) 


P/N  61-0478-9 

CONS-L-S 

Jan-96 

Historical 

Data  Obs  (Yt) 

0 

Model 

Data  Sim(Y1) 

Observed 
Difference  dj 

Squared  Deviation 
From  Mean  (dj-d^f 

10 

-10 

101.71 

Feb-96 

0 

8 

-8 

60.54 

Mar-96 

0 

0 

0 

0.01 

Apr-96 

0 

3 

-3 

8.82 

May-96 

14 

7 

7 

50.48 

Jun-96 

14 

12 

2 

4.47 

Jul-96 

0 

7 

-7 

52.89 

Aijg-96 

24 

15 

9 

87.08 

Sep-96 

0 

0 

0 

0.01 

Oct-96 

21 

20 

1 

0.71 

Nov-96 

7 

11 

4 

11.91 

Dec-96 

0 

0 

0 

0.01 

Jan-97 

19 

14 

5 

26.88 

Feb-97 

12 

8 

4 

16.41 

Mar-97 

0 

0 

0 

0.01 

Apr-97 

14 

8 

6 

33.00 

May-97 

10 

17 

-7 

41.48 

Jun-97 

22 

15 

7 

44.63 

Jul-97 

12 

10 

2 

2.88 

Aug-97 

16 

28 

-12 

148.47 

Sep-97 

0 

0 

0 

0.01 

Oct-97 

25 

20 

5 

28.45 

Nov-97 

16 

14 

2 

6.49 

Dec-97 

1 

0 

1 

1.18 

Ho  :  The  two  populations  are  different 

Sum 

-0.08519 

728.52 

S^d 

31.6746 

a= 

0.05 

d* 

-0.0035 

T  statistics  (To) 

0.0005 

N= 

24 

^0.05/2’k-l 

2.3979 

(critical  value ) 

Reject  Ho? 

Yes 

(To<  V.N-I)) 

Best  Fit  Parameters  Calculations 


After  the  null  hypothesis  of  the  paired  T-Test  was  rejected,  the  next  step  was  to 


find  the  forecasting  parameters  for  each  forecasting  technique  using  the  same  procedure 
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described  in  phase  two.  The  only  difference  with  the  procedure  performed  in  phase  two 
was  that  all  the  24  periods  available  from  actual  demand  data  were  used  to  calculate  the 
parameters  instead  of  12.  The  parameters  that  best  fit  each  forecasting  technique  for  each 
part  number  are  as  follows  [Table  20]: 


Table  20.  Forecasted  Demand  Parameters  Using  Simulated  Demand  Data 


Patameters  Used  for  Forecasting  Based  on  24  Periods 


No. 

Demand 

Uniqueness 

F1 

F2 

F3 

F4 

1 

Consumable 

Low 

Specific 

0.6 

0.1 

5 

Lag  1.3 

2 

Low 

Common 

0.4 

0.3 

5 

Lag  1,2,3 

3 

Specific 

0.3 

0.8 

5 

Lag  1,2,3 

4 

Common 

0.4 

0.7 

5 

Lag  1,3 

5 

Repairable 

Common 

0.1 

0.4 

4 

Lag  1,2,3 

6 

Specific 

0.6 

0.2 

8 

Lag  1,2,3 

7 

Common 

0.1 

0.5 

9 

Lagi 

8 

Specific 

0.3 

0.3 

8 

Lag  3 

Analyzing  the  results,  the  a  values  and  moving  averages  for  single  exponential, 
double  exponential  and  moving  averages  were  the  same  values  presented  in  phase  two 
with  only  12  periods.  The  changes  occurred  in  calculating  the  parameters  for  the 
autoregression  model  [Table  21]  because  the  lags  of  1, 2  and  3  included  more  periods. 


Table  21.  Parameters  For  The  Autoregression  Model 


1  Coefficients  Used  in  the  Autoregression  Model  | 

Category 

^1111^^^^1111 

Qty1 

13.361 

-0.458 

0.27 

Qty2 

1.793 

■0.547 

-0.134 

0.07025 

Qty3 

11.607 

0.022 

0.3650 

-0.102 

Qty4 

245.765 

-0.232 

0.207 

Qty5 

3.083 

0.723 

-0.251 

Qty6 

2.523 

0.055 

-0.2340 

0.157 

Qty7 

0.948 

0.182 

Qty8 

1.045 

-0.164 
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Pilot  and  Production  Runs 


A  pilot  experiment  consisting  of  30  runs  of  60  periods  each  was  performed  to 
assess  the  initialization  bias  of  the  forecasting  performance  for  each  of  the  eight  levels  of 
the  three  factors  across  the  4  forecasting  methods  selected. 

The  parameters  of  interest  during  each  run  were  the  forecasting  errors,  measured 
in  terms  of  the  ME,  MAD  and  MSE.  To  guarantee  independence  of  the  forecasting  error 
obtained  from  simulated  demand  data,  a  method  of  batch  means  was  used  because  the 
problem  stated  previously  with  the  autoregression  model  (violation  of  independence).  In 
addition,  the  random  seed  was  changed  every  time  the  batch  was  obtained.  Moreover,  to 
eliminate  the  initialization  bias  it  was  considered  that  the  first  24  periods  were  enough  to 
warm  up  the  simulation  and  eliminate  possible  bias. 

According  to  Banks  [1997*  464],  the  method  of  batch  means  attempts  to  solve  the 
problem  with  dependence  by  dividing  the  ou^ut  data  from  one  replication  into  a  few 
large  batches,  and  then  treating  the  means  of  these  batches  as  if  they  were  independent.  If 
the  batch  mean  is  sufficiently  large,  k=30,  successive  batch  means  will  be  approximately 
independent. 

After  knowing  the  fact  that  the  batch  means  method  used  for  the  pilot  run  are 
approximately  independent,  the  next  step  was  to  determine  the  length  of  the  simulation 
run.  The  usual  method  for  estimating  the  needed  length  of  the  simulation  run  was  to 
perform  a  few  short  trial  runs,  30  replications  of  36  periods  each,  to  calculate  the  mean 
and  standard  deviation  of  the  forecast  errors,  measure  in  terms  of  the  MAD. 
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Summary 


This  chapter  discussed  the  approach  to  evaluate  the  performance  of  the  different 
forecasting  techniques  selected  for  the  study.  Four  analytical  phases  are  used,  but  only 
the  first  three  was  presented  in  this  chapter: 

1.  The  first  phase  consisted  of  the  identification  of  the  characteristics  of  the 
aircraft  spare  parts,  and  determining  the  forecasting  techniques  to  be  used. 

2.  The  second  phase  consisted  of  measuring  the  performance  of  the  forecasting 
techniques,  subject  to  historical  demand  data. 

3.  The  third  phase  consisted  of  preparing  and  performing  the  simulation 
experiment  to  determine  the  best  forecasting  technique  under  each  individual  scenario. 

This  chapter  provided  a  description  on  the  type  of  research  design,  the  research 
questions,  the  null  hypothesis,  and  the  instruments  used  to  do  the  comparison  analysis.  It 
also  presented  the  analytical  approach,  population  size,  sample  size,  data  collection, 
assumptions,  and  limitations  used  to  perform  the  study.  Finally,  the  chapter  highlighted 
and  explained  the  implementation  of  the  research  plan.  The  next  chapter  presents  the 
fourth  phase  of  this  simulation  experiment  and  the  analysis  of  the  data  obtained. 
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IV.  Results  and  Analysis 


Introduction 

This  chapter  presents  the  results  and  analysis  of  the  fourth  phase  of  the  research  as 
well  as  the  comparison  between  current  management  techniques  and  the  forecasting 
system  proposed.  The  chapter  is  separated  into  four  sections.  The  first  section  describes 
the  number  of  replications  required  to  draw  conclusions  with  enough  confidence.  The 
second  section  discusses  the  results  of  the  different  forecasting  methods  respective  to  the 
forecast  error  measure  (ME,  MAD  and  MSE)  using  an  ANOVA  test.  The  third  section 
discusses  the  results  obtained  from  non-parametric  test  for  each  part  number  individually 
using  the  Friedman  Test,  if  previous  tests  fail.  The  fourth  section  discusses  the  analysis 
of  the  current  management  techniques  versus  the  performance  of  the  different  forecasting 
techniques.  Finally,  the  chapter  gives  a  conclusion  and  a  summary  of  the  chapter. 

Phase  4-  Simulation  of  Additional  Demand  Data 

Determination  of  Number  of  Replications 

Assuming  that  the  forecasting  error  is  normally  distributed,  the  length  of  the 
simulation  run  (number  of  replications)  can  be  determmed  for  a  given  accuracy  and  a 
statistical  confidence  level.  The  following  formula  can  be  used  to  determine  the  required 
length  of  the  simulation  run  [Banks,  1997: 447]: 

^a/2,R-\^0 

s 

where 
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R=  Number  of  replications 
^a/2,R-\~  Confidence  level 
S=  Standard  deviation 
E=  Error  criterion 

The  Ro  replications  will  be  used  to  obtain  an  initial  estimate  S^o  of  th®  population 
variance  S^.  To  meet  the  half-length  criterion,  a  sample  size  R  must  be  chosen  such  that 
R>=Ro  The  half  length  of  the  confidence  interval  should  be  approximately  £  or  smaller. 
This  formula  (23)  was  used  to  determine  how  many  replications  were  needed  to  obtain  a 
95%  confidence  interval  with  ±  5%  of  accuracy.  Enough  replications  must  be  generated 
to  ensure  the  output  parameter,  MAD,  is  acciurate  and  precise  enough  to  establish  real 
differences  between  the  treatment  and  factor  combinations.  According  to  Tersine  (1994: 
43),  MAD  is  the  measure  most  desirable  when  comparing  different  forecasting  techniques 
because  it  has  the  greatest  degree  of  accuracy.  For  the  initial  calculation  a  value  of  30 
replications  was  used.  Each  replication  is  the  mean  value  of  a  batch  run  of  60  (only  36 
useful  data  points)  simulated  data  points.  The  first  24  data  points  were  considered  part  of 
the  warm-up  and  were  not  included  in  the  data  calculation. 

Table  22  presents  the  computations  for  one  part  number,  and  the  remaining  are 
located  in  Appendix  I  “Desired  Number  of  Replications  for  The  Simulation  Model.  ”  In 
this  case  the  initial  number  of  replications  was  more  than  sufficient  to  ensure  the  desired 
accuracy  and  precision.  Seventeen  replications  were  enough  to  meet  the  accuracy  rule 
(±5%). 
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Table  22.  Replications  Required  for  Each  Part  Number  and  Forecasting  Combination 


Part  Number  |  6HI478-9  | 

Forecasting  Method:  Single  Exponential 


S*^/R=  0.025  note:  var  = 

std  dev  =  0.158  note:  std  dev  = 


The  summary  of  the  results  obtained  from  each  particular  calculation  is  presented 
in  Table  23.  Except  for  the  consumable-low  demand-common  item,  the  initial  30 
replications  were  sufficient.  However,  the  corresponding  epsilon  value  for  ±  5%  of 
variation  with  respect  to  the  mean  is  low,  only  0.11.  This  small  value  was  considered 
STTiall  enough  for  forecasting  accuracy;  therefore,  the  full  number  of  replications  would 


not  be  required. 
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Table  23 .  Summary  of  Number  of  Replications  Required 


Single  Exponential 

Moving  Average  | 

m 

30 

R 

V025,R-1) 

X 

liSig 

Epsilon 

R 

t(.025.R-1) 

mm 

Epsilon 

Esn 

CONS-L-S 

17 

2.12 

16 

-13 

0,45 

16 

2.131 

m 

-14 

0.38 

CONS-L-C 

95 

::199 

94 

65 

P 

mMs 

flU 

m 

63 

oil 

EBB 

CONS-H-S 

21 

2.09 

20 

-9 

0.51 

19 

2.101 

m 

•11 

0.50 

CONS-H-C 

25 

2.06 

23 

-5 

4.24 

24 

2.069 

-6 

4.20 

EEEI 

REP-H-C 

9 

2.31 

7 

-21 

0.30 

8 

2.365 

m 

-22 

0.33 

REP-H-S 

4 

3.18 

3 

-26 

0.33 

5 

2.776 

■B 

-25 

0.28 

B3] 

REP-L-C 

5 

2.78 

3 

-25 

0.19 

5 

2.776 

4 

-25 

0.21 

REP-L-S 

9 

2.31 

7 

-21 

0.24 

9 

2.306 

m 

-21 

0.24 

jEpsilon  5%^ - 

Double  Exponential  i 

Autoregression  | 

liai 

30 

R 

t(.025,R.1) 

X 

Epsilon 

R 

t{.025,R.1) 

MM 

Epsilon 

Esa 

CONS-L-S 

4 

3.18 

2 

-26 

1.05 

6 

2.571 

4 

-24 

0.60 

EISS 

CONS-L-C 

wm 

.  1.99 

>  91 

63 

■•-y:i,0.13 

72 

:i;994 

■ 

m 

42 

0.13 

ESI 

CONS-H-S 

19 

2.10 

17 

-11 

2.87 

14 

2.160 

■B 

-16 

0.61 

Esg 

CONS-H-C 

25 

2.06 

23 

-5 

5.53 

20 

2.093 

m 

-10 

6.26 

REP-H-C 

5 

2.78 

4 

-25 

0.40 

9 

2.306 

8 

-21 

0.42 

Eim 

REP-H-S 

5 

2.78 

2 

-25 

0.31 

5 

2.776 

■1 

-25 

0.25 

EBB 

REP-L-C 

5 

2.78 

3 

-25 

0.34 

3 

4.303 

■Q 

-27 

0.18 

EBB 

REP-L-S 

9 

2.31 

8 

-21 

0.21 

10 

■B 

0.20 

The  desired  length  of  the  simulation  was  decided  to  be  50  replications.  This 
number  should  be  large  enough  to  provide  sufficient  statistical  power  for  the  factorial 
design.  According  to  the  initial  length  of  the  pilot  run,  it  was  necessary  to  run  an 
additional  20  replications  to  complete  the  length  required  for  the  experiment.  The 
complete  set  of  simulation  output  is  in  Appendix  J  “Forecasting  Errors  Using  Simulated 
Demand  Data”. 

Analysis  of  Forecasting  Performance 


ANOVA  Results 

The  ANOVA  was  performed  for  each  of  the  three  parameters  representing  the 
forecasting  errors,  the  ME,  MAD,  and  MSE.  The  ME  provides  a  measure  of  bias  by 
averaging  the  individual  errors  in  the  simulation  batch.  A  positive  ME  indicates  a 
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tendency  to  under-forecast,  while  a  negative  ME  indicates  a  tendency  to  over-forecast. 

The  MAD  and  the  MSE  measure  the  magnitude  of  the  deviation  of  the  forecast.  The 
difference  between  the  two,  MAD  and  MSE,  are  that  MAD  weights  all  errors  equally, 
while  the  other  weights  error  in  proportion  to  the  squared  values.  The  MSE,  xinlike  the 
MAD,  penalizes  a  forecasting  technique  more  heavily  for  larger  errors  than  for  smaller 
ones  [Tersine:  1994:  43]. 

Before  accepting  the  conclusions  of  the  analysis  of  variance,  the  diagnostics  must 
be  performed  to  check  the  assumptions  of  the  model  (residual  analysis).  The  residuals  for 
the  ME,  MAD,  and  MSE  are  shown  in  Figure  6  and  7.  The  normal  probability  plot  and 
dot  diagram  of  these  residuals  reveals  that  the  residuals  are  not  normally  distributed 
[Figure  6]. 


Normal  Q-Q  Ptot  of  Predicted  Value  for  ME 


Obsefved  Value 


Normal  OQ  Plot  of  Predicted  Value  for  MSE 


Normal  Q-Q  Plot  of  Standardized  Residual  for  ME 


Nomial  Q-Q  Plot  of  Standardized  Residual  for  MAD  Normal  Q-Q  Plot  of  Standardized  Residual  for  MS 


Obswved  Value  Observed  Value 


Figure  6.  Normal  Probability  Plots  for  Predicted  and  Residuals  Values 


Plotting  the  residuals  versus  the  predicted  values  indicated  a  high  tendency  for  the 
variance  of  the  residuals  to  increase  as  the  quantities  predicted  increase.  This 
demonstrates  a  failure  of  the  assumptions  of  equality  of  variance  [Figure  7].  Therefore, 
the  assumptions  necessary  for  the  validity  of  the  ANOVA  tests  (normality  and  equal 
variances)  are  not  being  satisfied. 


Predcted  Value  for  MSE 


Figure  7.  Residuals  versus  Predicted  Values 

If  these  assumption  are  not  met,  then  the  analysis  of  variance  procedure  is  not  an 
exact  test  of  the  hypothesis  of  no  difference  in  treatment  means.  Consequently,  it  is 
usually  unwise  to  rely  on  the  analysis  of  variance  until  the  assumptions  have  been 
validated  [Montgomery:  1997:  79-80].  Even  though  the  ANOVA  assumptions  were  not 
met  the  ANOVA  results  are  presented  to  gain  a  general  understanding  about  the 
performance  of  the  forecasting  methods  [Table  24]. 

The  first  test  was: 

H,,:  No  performance  differences  between  treatments  in  F,,  F2,...F„  for  all  factor 
level  combination. 

Hj:  At  least  one  factor  and  level  combination  differs  from  others. 
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Table  24.  ANOVA  Table  Using  Simulated  Demand  Data 


Tests  of  Between-Subjects  Effects 

Degress  of 

Dependent  Variable:  ME 

Dependent  Variable:  MAD 

Dependent  V 

ariable:  MSE 

Source 

freedom 

F 

Sig. 

F 

Sig. 

F 

Sig. 

Intercept 

1 

1488.675624 

0.000 

39142.07693 

0.0000 

6234.607107 

0.0000 

TREATMENT 

3 

4783.533736 

0.000 

714.8538978 

0.0000 

402.6916292 

0,0000 

REPAIR 

1 

1628.742157 

0.000 

20449.7267 

0.0000 

5927.82539 

0.0000 

UNIQUE 

1 

3394.479654 

0.000 

7503.934454 

0.0000 

4124.189595 

0.0000 

DEMAND 

1 

1987.713576 

0.000 

19305.5487 

0.0000 

5925.4271 

0.0000 

TREATMENT*  REPAIR 

3 

3203.352695 

0.000 

601.4732241 

0.0000 

385.6051877 

0.0000 

TREATMENT ‘DEMAND 

3 

1950.806025 

0.000 

344.2797107 

0.0000 

390.8696913 

0.0000 

REPAIR*  DEMAND 

1 

2233.638915 

0.000 

16660.31382 

0.0000 

5839.99145 

0.0000 

TREATMENT  *  REPAIR  *  DEMAND 

3 

1874.80331 

0.000 

334.9412694 

HHSb 

387.0477006 

0.0000 

TREATMENT ‘UNIQUE 

3 

0.000 

268.7632658 

0.0000 

211.1630571 

0.0000 

REPAIR  ‘  UNIQUE 

1 

4055.384292 

0.000 

6905.726011 

0.0000 

4081.635679 

0.0000 

TREATMENT  ‘  REPAIR  *  UNIQUE 

3 

1150.921029 

0.000 

292.5884288 

0.0000 

210.210855 

0.0000 

UNIQUE*  DEMAND 

1 

2532.718454 

0.000 

12350.52848 

0.0000 

4236.196082 

0.0000 

TREATMENT  ‘  UNIQUE  ‘  DEMAND 

3 

1935.874684 

0.000 

212.1991759 

0.0000 

219.2808902 

0.0000 

REPAIR ‘UNIQUE ‘DEMAND 

1 

3470.078219 

0.000 

11646.55751 

0.0000 

4187.412727 

0.0000 

REPAIR  ‘  UNIQUE  ‘  DEMAND  ‘  TREATMENT 

3 

1654.426832 

0.000 

151.7985522 

0.0000 

216.9630555 

0.0000 

R  -Squared  /  Adjusted  R-Squared 

0.979 

0.978 

0.985 

0.964 

0.963 

The  results  suggest  that  at  around  0.000  level  of  significance  the  H,,  should  be 
rejected  and  it  is  suspected  that  at  least  one  treatment  mean  was  not  equal  on  the  three 
parameters  representing  the  forecast  error  (ME,  MAD  or  MSE). 

After  suspecting  the  hypotheses  that  the  treatment  means  differ,  and  therefore  that 
the  factors  somehow  affect  the  mean  response,  one  should  determine  how  the  factors 
affect  the  mean  response.  The  following  test  were  conducted: 

Hoi  Factors  of  repairability,  demandability  and  uniqueness  do  not  interact  to  affect 
the  response  mean 

H3:  Factors  of  repairability,  demandability  and  uniqueness  do  interact  to  affect  the 
response  mean 
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The  results  suggest  that  at  around  0.000  level  of  significance  the  H,,  should 
rejected  and  it  is  suspected  that  the  factors  interact  to  affect  the  forecasting  error  (ME, 
MAD  and  MSE). 

Because  the  factors  interact,  there  is  difficulty  in  testing  for  the  main  effects. 
Instead,  the  treatment  means  were  compared  directly  in  an  attempt  to  learn  the  nature  of 
their  interaction.  Rather  than  compare  all  40  pairs  of  treatment  means,  the  differences 
between  the  forecasting  methods  were  studied  using  a  Bonferroni  test  for  each  of  the 
parameters  of  interest  (ME,  MAD  and  MSE)  [Table  25,  Table  26,  and  Table  27 
respectively].  However,  these  results  must  be  interpreted  with  caution  because  the 
Bonferroni  Test  shares  the  same  assumptions  as  ANOVA  does. 

Table  25.  Bonferroni  Test  for  Multiple  Comparisons  Using  the  ME 


iMultipie  Comparisons 

Dependent  Variable:  ME 

Bonferroni  Test 

(1)  Forecasting 

(J)  Forecasting 

Mean 

StdEma 

Sig. 

95%  Confidence  Interval 

Method 

Method 

Difference  (kJ) 

Lovwer  Bound 

UpperBound  | 

Double  Exp.  Brown 

9.97* 

0.219 

9.391 

0.219 

■0.702 

0.45f1 

0.219 

-16.537 

DoilileExp.  Brovyn 

Single  Exponential 

-9.97* 

0.219 

0.00000 

■BQ 

Moving  Average 

0.219 

0.00000 

Autoregression 

-25.928 

0.219 

0.00000 

-25.3481 

llcfringliiage.-''-: 

1.00000 

-0.457 

Double  Bcp.  Brown 

0.00000 

9.513 

10.672 

Autoregression 

-15.835* 

0.00000 

-16.414 

-15.256 

Autoregressicin 

Single  Exponential 

15.9575* 

0.219 

15.378 

16.537 

Double  Exp.  Brown 

0.219 

25.348 

26.507 

Moving  Average 

15.835* 

0.219 

15256 

16.414 

*  The  mean  difference  is  sigificant  at  the  .05  level. 
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Table  26.  Bonferroni  Test  for  Multiple  Comparisons  Using  the  MAD 


iMultiple  Comparisons 

Dependent  Variable:  MAD 

Bonferroni  Test 

(J)  Forecasting 

Mean 

Std.  Error 

Sig. 

95%  Confidence  Interval 

Method 

Method 

Difference  (l-J) 

Lower  Bound 

Upper  Bound 

Double  Exp.  Brown 

-11.115* 

-10.361 

' .  -.1 

1.081 

Autoregression 

0.00000 

-6.242 

4.733 

Double  Exp.  Brown 

Single  Exponential 

11.115* 

0.286 

0.00000 

Moving  Average 

11.441* 

0.286 

0.00000 

12.196 

Autoregression 

5.62r 

0.286 

0.00000 

4.873 

0.286 

1.00000 

-1.081 

Double  Exp.  Brown 

-ii.44r 

0.286 

0.00000 

Autoregression 

-5.813* 

0.286 

0.00000 

Autoregression 

Single  Exponential 

5.487* 

0.286 

0.00000 

Double  Exp.  Brown 

-5.627* 

0.286 

0.00000 

Moving  Average 

5.813* 

0.286 

0.00000 

i  6.5681 

*  The  mean  difference  is  significant  at  the  .05  level. 


Table  27.  Bonferroni  Test  for  Multiple  Comparisons  Using  the  MSB 


IMultiple  Connparisons 

Dependent  Varictole:  MSE 

Bonferroni  Test 

(1)  Forecasting 

(J)  Forecasting 

Mean 

Std.  Error 

ag. 

95%  Confidence  Interval 

Method 

Method 

DiffierenceO'J) 

Lower  Bound 

UpperBound  I 

Double  Exp.  Brown 

-633.248* 

24.575 

■608.166 

-36.055 

-537.564* 

24.575 

-602483 

4726471 

Double  Exp.  Brown 

Sin^e  Exponential 

633.248* 

24.575 

Moving  Average 

66Z110* 

24.515 

597.193 

727.029 

Autoiegnession 

95.683* 

24.575 

30.765 

24.575 

-93.780 

Double  Expi  Brown 

-66211* 

-727.(29 

-K7.193 

Autoregession 

■566.427* 

24.575 

-631.345 

-501.510 

Autoregression 

Sin^  Exponential 

537.564* 

24.575 

472647 

602483 

Double  Exp.  Brown 

24.575 

-160.601 

Moving  Average 

566.427* 

24.575 

*  The  iman  diffeiHice  is  sigTificant  at  th^ 


Observing  the  Bonferroni  test  for  multiple  comparisons,  the  mean  difference  of 
double  exponential  smoothing  and  autoregression  is  significant  at  the  0.05  level  from  the 
mean  difference  of  the  moving  average  and  the  single  exponential  smoothing.  However, 
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the  confidence  intervals  showed  one  can  not  say  that  single  exponential  is  different  from 
moving  average.  Based  on  this  information,  one  should  suspect  that  single  exponential 
and  moving  average  perform  better  than  double  exponential  and  autoregression. 

Therefore,  the  data  used  for  assessing  the  forecasting  performance  did  not  provide 
enough  statistical  power  to  determine  the  effects  during  the  interactions  because  the 
assumptions  for  normality  and  equal  variances  were  not  met.  These  results  led  to 
performing  a  non-parametric  test. 

In  spite  of  the  above  information,  there  was  not  enough  information  to  make 
reasonable  conclusions  because  of  the  violations  of  the  assumptions.  However,  with 
regard  to  the  validity  of  the  experiment  a  non-parametric  test  was  required  to  obtain  more 
statistical  validity.  The  test  performed  was  the  “Friedam  Test’  used  in  Chapter  3. 

Friedman  Test  Results 

The  Friedman  Tests  were  conducted  on  each  individual  part  number  based  on  the 
information  provided  by  the  batch  means  of  the  ME,  MSE,  and  MAD.  These  tests  were 
performed  individually  to  avoid  the  problems  of  interaction  between  the  forecasting 
techniques  and  the  factors  and  levels  combinations.  Additionally,  if  the  Friedman  Test 
results  in  rejection  of  the  null  hypothesis  an  overall  test  and  multiple  comparison  are 
performed  as  previously  described  in  Chapter  3.  The  results  obtained  for  each  individual 
test  are  presented  in  a  summary  table  [Table  28]  later  in  this  section. 

Concerning  the  individual  tests,  the  forecast  error  measures  (ME,  MAD,  MSE) 
obtained  from  the  application  of  the  four  forecasting  techniques  were  introduced  in  a 


single  table.  The  procedure  to  combine  the  individual  measures  (ME,  MAD,  or  MSE) 
were  as  follows: 

«  The  forecast  errors  obtained  from  each  forecasting  techniques  in  each  batch 
run  were  used  to  calculate  the  different  measures  of  accuracy  (ME,  MAD,  or 
MSE) 

■  The  results  obtained  for  each  individual  measure  of  accuracy  were  translated 
into  absolute  values. 

•  The  absolute  values  of  each  individual  measure  under  the  influence  of  the 
four  forecasting  techniques  were  ranked  between  each  other.  The  ranking 
assigns  1  to  the  individual  measure  with  the  absolute  value  closest  to  zero, 
and  4  to  the  farthest  one.  In  the  case  of  ties,  the  average  of  the  ranks  was 
used.  For  example,  if  the  third  and  fourth  ranked  measurements  tie,  rank  both 
(3+4)72=3.5. 

■  Combine  and  compare  the  ranking  of  the  measures  of  performance  within 
each  part  number  in  a  single  table  using  the  Friedman  Test. 

The  overall  null  hypothesis  that  all  forecasting  techniques  are  equal  was  then 
tested.  Next,  multiple  rank  tests  were  performed  to  compare  the  rank  performance 
between  the  treatments.  For  testing  the  overall  null  hypothesis  the  threshold  a  level  of 
significance  selected  for  the  F-test  was  0.01 .  For  the  multiple  rank  tests,  the  threshold  a 
level  for  the  critical  T  factor  was  also  0.01 .  For  the  piupose  of  this  chapter,  the  test 
applied  to  one  part  number  is  displayed  in  Table  28.  The  remaining  individual 
calculations  are  in  Appendix  H  “Final  Non-Parametric  Test  on  Simulated  Demand  Data”. 
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Table  28.  Final  Non-Parametric  Test  For  Consumable-Low  Demand-Specific 


HoiAll  Forecasting  Techniques  are  equal 


b= 

If 

K,= 

Kj-- 

T2= 

Overall  p-value= 
F(“.Ki,K2) 
Reject  Ho  ? 


150 
4 
3 
447 

119  (T  statitstics) 

0.010 

3.826  (critical  value) 
Yes  (T2>F) 


POT 

IRJ* 

A2= 


4500 

612346 

4500 

4082 


consumable 
Low  Demand 
Specific 


a 

tl.0.99/2,1119 

^critical 

- MULIIPLb  UUMHAKI& 

ron - 

0.99 

2.58688 

43.312 

Treat 

Rank 

1 

II 

R>  Toiticai;  next  leve 

F3 

239 

A 

Note:  Adapted  from  Conover,  J.  1980: 300 

FI 

292 

A 

F2 

469 

B 

F4 

500 

B 

Note:  This  test  include  the  results  obtained  in  ME,  MAD,  and  MSE 
for  each  individual  of  the  50  replication.  _ 


From  Table  28  it  can  be  inferred  that  there  was  enough  evidence  with  99% 
confidence  that  the  forecasting  techniques  were  not  equal.  It  was  found  that  single 
exponential  smoothing  and  moving  average  presented  better  performance  than  double 
exponential  smoothing  and  autoregression. 

To  summarize  the  results  obtained  from  the  Friedman  Tests,  two  summary  tables 
are  provided.  The  first  table  presents  the  results  of  the  overall  null  hypothesis  [Table  29]. 
The  second  table  presents  the  detailed  information  about  the  preferred  forecasting 
technique  using  the  multiple  rank  tests  between  the  critical  factors  [Table  30]. 
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Table  29.  Non-Parametric  Test  of  the  Null  Hypothesis 


NON-PARAMTERIC  TEST-  FRIEDMAN 

a 

0.99 

Ho:AII  Forecasting  Techniques  are  equal 

3.83 

FRIEDMAN  TEST 

T2= 

Reject  Ho? 

Consumable 

Low  demand 

Specific 

Common 

118.54 

Yes 

447.00 

Yes 

High  demand 

Specific 

Common 

1377.92 

Yes 

300.44 

Yes 

Repairable 

High  demand 

Common 

Specific 

638.05 

Yes 

18.09 

Yes 

Low  demand 

Common 

Specific 

45.04 

Yes 

17.29 

Yes 

Looking  at  the  first  table  [Table  29],  it  can  be  said  that  there  was  enough  evidence 
(with  99%  of  confidence)  to  reject  the  null  hypothesis  that  all  forecasting  techniques  were 
equal  in  every  factor  combination. 

Given  that,  the  null  hypothesis  for  each  overall  case  was  rejected.  Then,  applying 
the  multiple  rank  tests  it  was  foimd  that  single  exponential  smoothing  and  moving 
average  are  the  preferred  forecasting  methods  [Table  30].  For  the  clarity  of  Table  30,  a 
forecasting  technique  ranked  with  the  letter  “A”  indicates  better  performance,  “B”  lower 
performance  and  so  on.  More  specifically.  Table  30  indicates  which  forecasting 
technique  is  more  appropriate  for  each  individual  demand  category.  For  example, 
moving  average  and  single  exponential  smoothing  perform  better  for  consumable-low 
demand-specific,  and  so  on. 
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Table  30.  Summary  of  Multiple  Rank  Test 


MULTIPLE  RANK  TEST 

a 

0.99 

MS 

2.59 

Category 

Treat 

Rank 

1 

11 

ill 

IV 

[♦pnKTniiTn  n 

43.31 

F3 

239 

A 

F1 

292 

A 

F2 

469 

B 

F4 

500 

B 

Consumable 
Low  demand 

Common 

52.60 

FI 

278 

A 

F3 

339 

B 

F4 

425 

C 

F2 

458 

c 

Consumable 
High  demand 
Specific 

18.13 

F3 

195 

A 

FI 

259 

B 

F4 

446 

c 

F2 

600 

D 

Consumable 
High  demand 
Common 

33.42 

F1 

228 

A 

F3 

254 

A 

F4 

548 

B 

F2 

470 

c 

Repairable 
High  demand 
Common 

25.25 

F1 

209 

A 

F3 

244  n 

B 

F4 

489 

c 

F2 

558 

D 

Repairable 
High  demand 
Specific 

54.81 

F3 

314 

A 

F2 

331 

A 

B 

FI 

405 

B 

c 

F4  1 

450 

c 

Repairable 
Low  demand 

Common 

50.86 

FI 

249 

A 

F3 

378 

B 

F4 

400 

B 

F2 

473 

c 

Repairable 
Low  demand 
Specific 

54.94 

F1 

310 

A 

F3 

340 

A 

F4 

400 

B 

F2 

450 

B 

Cost  Comparison  of  Current  System  and  Forecasting  System 


This  section  presents  the  results  obtained  from  the  analysis  of  the  performance  of 
the  different  forecasting  techniques  compared  with  the  current  management  approach. 
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The  results  just  presented  show  that  the  performance  of  the  forecasting  techniques 
differ,  and  that  single  exponential  smoothing  and  moving  average  performed  about  the 
same,  but  better  than  double  exponential  smoothing  and  autoregression  for  most  parts. 
Based  on  this  conclusion,  the  next  step  was  to  compare  the  two  available  systems  to 
determine  if  forecasting  techniques  (either  single  exponential  or  moving  average)  can 
improve  the  current  planning  process  of  future  requirements.  Use  of  the  forecasting 
techniques  will  be  referred  to  as  the  “forecasting  system”,  and  use  of  the  cxirrent  planning 
process  will  be  called  the  “current  system”. 

In  this  case,  system  analysis  “assists”  decision-makers  in  choosing  preferred 
future  courses  of  action.  This  analysis  can  be  done  by  (1)  systematically  examining  and 
“reexamining”  the  relevant  objectives  and  the  alternative  policies  or  strategies  for 
achieving  them;  and  (2)  comparing  quantitatively  ‘'where  possible  the  economic  costs, 
effectiveness  (benefits),  and  risk  of  alternatives  [Fisher,  1974:  6]. 

The  words  in  quotes  in  the  definition  above  deserve  special  comment.  The  word 
“assist”  is  used  to  emphasize  that  the  purpose  of  this  analysis  is  to  provide  a  better  basis 
for  exercising  the  judgement  of  decision-makers  through  the  discovery  and  outlining  of 
alternatives;  the  making  of  comparisons  among  alternatives  [Fisher,  1974:  7]. 

The  word  “reexamining”  stresses  the  fact  that  the  original  set  of  alternatives  may 
incomplete  and  may  not  even  contain  those  that  are  most  relevant.  In  other  words, 
additionally  alternatives  usually  have  to  be  generated  and  investigated  [Fisher,  1974:  7]. 
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Finally  the  words  “where  possible”  suggest  that  although  placing  emphasis  on  the 
use  of  quantitative  methods  is  desirable,  it  does  not  imply  that  incisive  qualitative 
analysis  is  ruled  out  [Fisher,  1974:  7]. 

Another  important  part  of  the  comparison  of  alternatives  is  an  analysis  of  the 
consequences  generated  by  the  model.  In  making  such  comparison  there  are  two 
principal  approaches  [Fisher,  1974: 10]: 

1 .  Fixed  effectiveness  approach.  For  a  specified  level  of  effectiveness  to  be 
attained  in  the  accomplishment  of  some  given  objective,  the  analysis  attempt 
to  determine  that  alternative  which  is  likely  to  achieve  the  specified  level  of 
effectiveness  at  the  lowest  economic  cost. 

2.  Fixed  budget  approach.  For  a  specified  cost  level  to  be  used  in  achieving 
some  given  objective,  the  analysis  attempts  to  determine  the  alternative  that 
produces  the  highest  effectiveness. 

At  this  point,  the  analysis  between  the  two  systems  (forecasting  and  current)  is 
presented  under  the  assumption  of  a  fixed  budget  approach.  This  is  because  the  purpose 
of  the  research  is  to  determine  if  there  is  any  improvement  possible  within  the  budget 
already  spent,  in  terms  of  costs  and  benefits,  with  the  forecasting  system  versus  the 
current  system. 

For  the  purpose  of  this  research,  cost  is  defined  as  the  dollar  expenditure  saved  by 
having  a  negative  difference  between  the  current  system  and  the  forecasting  system  in 
terms  of  Net  Present  Value.  This  negative  difference  was  calculated  using  the  monthly 
ending  inventory  of  the  two  systems.  Then,  multiply  each  quantity  obtained  from  the 
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difference  by  its  unit  cost  and  by  the  corresponding  inventory  carrying  cost.  In  these 
cost  calculations  the  inventory  carrying  cost  used  is  30%  [Melendez,  A:  1988:  Interview]. 
Ordering  cost  is  assumed  equal  for  both  systems. 

Another  important  consideration  in  the  evaluation  of  the  two  alternatives  is  to 
measure  the  benefits  obtained  for  choosing  between  them.  In  this  particular  case,  the 
benefits  will  be  associated  with  the  number  of  times  either  of  the  two  systems  get  a  stock¬ 
out.  Stock-out  means  that  the  part  was  not  available  in  that  month,  but  it  was  obtained 
immediately  at  the  beginning  of  next  month.  The  stock-outs  were  cotmted  as  one  (1)  if 
there  was  unavailable  quantity  in  any  period.  This  stock-out  then  was  measured  in 
percentage  per  year.  In  other  words,  if  a  part  number  has  stock-outs  of  5  items  in  only 
one  month,  it  is  equivalent  to  1  stock-out  in  12  periods;  then,  converted  to  percentage  per 
year  it  was  equivalent  to  1/12=8.3%.  This  measure  of  benefits  ignores  other  benefits  as 
time,  operational  availability,  inventory  turnover,  ordering  costs,  and  devaluation.  They 
were  not  included  in  the  analysis  because  in  some  cases  they  were  assumed  equal 
between  the  two  choices.  In  other  cases  the  information  such  as  time,  operational 
availability,  inventory  turnover  was  not  available.  In  the  case  of  the  devaluation  of  “El 
peso”  (Colombia  currency)  the  unit  prices  assigned  to  the  items  in  study  corresponded  to 
the  last  price  paid  in  dollars  for  the  quantity  acquired  in  1 997.  Any  change  in  the  price 
caused  for  the  devaluation  in  that  year  was  already  covered  for  the  conservative  use  of  the 
dollar  rate  of  inflation. 

The  common  factors  were  the  same  initial  inventory  and  the  replenishment 
pattern.  For  the  replenishment  pattern  to  be  equal,  the  quantities  predicted  by  the 
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forecasting  methods  were  used  as  a  replenishment  pattern  observing  the  same  periodicity 
followed  by  the  current  system.  For  example,  if  the  current  system  for  an  item  uses  a 
quarterly  replenishment,  the  forecasting  system  used  the  same  quarterly  replenishment 
policy  Slimming  the  quantities  predicted  for  that  period.  In  this  case,  the  effect  of 
different  replenishment  patterns  on  forecasting  accuracy  or  performance  was  outside  the 
scope  of  this  study.  As  a  part  of  the  differences,  none  of  them  was  noted  since  the  idea 
was  to  make  a  fair  comparison  between  the  two  systems  with  the  information  available. 
It  is  important  to  say  that  additional  research  on  replenishment  pattern  may  be  necessary. 

The  forecasting  techniques  to  be  used  for  the  proposed  forecasting  system  were 
single  exponential  smoothing  or  moving  average  for  all  factor  combinations.  Table  31 
shows  an  example  of  the  cost  comparison  approach  for  a  consumable-low  demand- 
specific  item  using  forecasting  data  obtained  in  1997  from  historical  demand  data  in 
1996. 


Table  31.  Individual  Calculations  of  the  Cost  Difference  Between  the  Systems 


Part 

Part 

Unit 

Starting 

Probstoctout 

Probstockout 

Total  Cost 

Carrying 

Inflation 

.Sinale 

Category 

Number 

Cost 

Inventory  (SI) 

Proposal 

Current  (Rc) 

(CPnpv) 

cost  [r] 

(i) 

J 

IBSii 

CONS-L-S 

61-04789 

$49.13 

30 

0.0% 

0.0% 

$9,147.76 

0.3 

Yes 

No.  Period 

Month 

■ 

Forecast 

Replenish 

Ending 

Replenish 

Ending 

Differences 

Cost  of 

■ 

Value 

Proposal 

Inventory 

.  Current 

Inventory 

D 

Difference 

n 

■■ 

■ 

Fi 

Rp 

Ep=SI-Xi+Rp 

Rc 

Ec=SI-XI+Rc 

Ec-Ep 

Dnpv($) 

1 

Jan 

19 

4 

11 

11 

0.00 

0 

0.00 

2 

Feb 

12 

13 

17 

16 

20 

19 

976.18 

3 

3.47 

3 

Mar 

12 

16 

19 

0.00 

3 

3.46 

4 

Apr 

14 

5 

17 

19 

25 

6 

6.89 

5 

May 

10 

10 

9 

15 

0.00 

6 

6.87 

6 

Jun 

22 

10 

20 

7 

20 

13 

963.50 

6 

6.85 

7 

12 

17 

17 

12 

21 

960.36 

9 

8 

16 

14 

14 

10 

20 

25 

957.23 

15 

9 

Sep 

15 

15 

26 

20 

45 

954.10 

19 

10 

Oct 

25 

6 

1 

20 

■HESi 

19 

23.11 

11 

Nov 

16 

17 

23 

8 

20 

24 

947.89 

16 

19.48 

12 

Dec 

1 

17 

17 

24 

20 

43 

19 

22.96 

147 

142 

—til 
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As  it  can  be  appreciated  in  this  table,  the  forecasting  system  performs  better  than 
the  current  management  techniques.  Using  single  exponential  smoothing  there  was  an 
absolute  savings  of  $144.27  in  an  item  that  had  an  annual  value  of  $9,147.76  dollars  (this 
value  included  the  purchasing  cost  plus  the  value  of  the  initial  inventory).  Absolute 
savings  of  that  amount  of  money  may  seem  very  small.  However,  if  this  1 .6%  savings 
rate  were  applied  to  any  other  consumable  item,  the  total  amount  saved  could  be 
impressive.  Similar  calculations  were  performed  for  the  remaining  part  numbers  and  they 
are  presented  in  Appendix  L  “Cost  Comparison  Current  System  versus  the  Forecasting 
System”. 

For  the  purpose  of  the  alternative  comparison  one  part  number  is  not  conclusive;  a 
summary  table  [Table  32]  including  all  the  costs  savings  and  the  probability  of  stock-out 
were  used  to  support  or  reject  the  null  hypothesis. 


Table  32.  Comparison  Between  Current  and  Forecasting  Systems 


Demand 

Part 

Unit 

Forecasting 

Total  cost  of 

Savings 

Savings 

PrObstocKout 

PrObgtockout 

Category 

Number 

Cost($) 

Technique 

CPnpv($) 

Value  (NPV)($) 

% 

Current  (%) 

Proposed  (%) 

CONS-L-S 

61-04789 

49.13 

S. expon. 

144.27 

0.02 

0.00 

CONS-L-C 

307 

1.23 

S. expon. 

3.85 

0.03 

0.00 

0.00 

CONS-H-S 

F1815/WW/RS 

17.20 

S. expon. 

3,341.58 

-30.90 

-0.01 

0.08 

0.00 

CONS-H-C 

MS24665-134 

0.13 

471.75 

12.17 

■EES 

0.00 

0.08 

REP-H-C 

ZP650-SC-M-B-3 

212,555.89 

0.25 

0.25 

REP-H-S 

2-1517 

3,762.29 

MmmiM 

wtticrs^ 

wmsim 

0.12 

0.00 

0.00 

REP-L-C 

622-2362-001 

181.29 

11,927.11 

1,540.70 

0.13 

0.00 

0.25 

REP-L-S 

DH1030-24-600 

1,658.78 

104,011.90 

12,101.27 

0.12 

0.00 

0.00 

945,953.66 

96,486.55 

0.10 

0.04 

0.07 

Analyzing  the  results  provided  in  this  summary  table,  there  was  only  one  case 
(P/N  F1815AVW/RS)  where  the  current  system  performed  better  than  the  forecasting 
system.  The  remaining  seven  spare  parts  showed  an  improvement  in  the  planning 
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process.  In  addition,  it  was  very  important  to  note  that  the  absolute  amount  of  savings 
were  $96,486.55  dollars  in  8  items  that  had  an  annual  purchase  value  of  $945,953.66 
dollars,  which  is  equivalent  to  10.2%. 

From  this  analysis  the  discussion  about  the  probability  of  stock-out  showed  a 
small  advantage  for  the  current  system.  The  customer  service  level  in  the  current  system 
is  l-4.2%=95.8%,  and  1-7.2%=  92.8%  with  the  forecasting  system.  However,  the 
information  about  the  cost  of  lost  sales  for  having  a  stockout  is  outside  of  the  scope  of 
this  study.  It  can  be  concluded  that  setting  an  appropriate  level  of  safety  stock  can 
minimize  the  effect  of  the  stockout. 

Chapter  Summary 

This  chapter  discussed  the  results  obtained  to  answer  the  research 
questions.  It  was  found  that  the  performance  of  the  forecasting  techniques  differ,  and  that 
single  exponential  smoothing  and  moving  average  performed  about  the  same,  but  better 
than  double  exponential  smoothing  and  autoregression.  Additionally,  it  can  be  said  that 
the  forecasting  system  performs  better  than  the  current  management  system.  The  results 
illustrated  that  there  was  enough  evidence  to  show  in  7  out  of  8  items  that  the  forecasting 
system  performs  better  than  the  current  management  system.  The  absolute  amount  of 
savings  using  the  forecasting  system  equated  to  10.2%  in  8  items  that  had  an  annual 
purchase  value  of  $945,953.66  dollars.  The  next  chapter  presents  the  conclusions  and 
recommendations  of  the  forecasting  research. 
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V.  Conclusions  and  Recommendations 

Introduction 

The  purpose  of  this  chapter  is  to  present  the  conclusions  and  recommendations  of 
the  research.  First,  the  chapter  restates  the  specific  problem,  the  purpose  of  the  research 
and  the  research  questions.  Then,  for  each  research  question,  the  chapter  summarizes  the 
results  and  presents  an  interpretation  of  their  management  implications.  Some 
observations  are  made  regarding  the  forecasting  systems  used  during  the  research.  A 
section  on  recommendations  for  future  studies  and  analysis  is  then  provided.  Finally,  the 
chapter  gives  a  conclusion  and  a  sununary  of  the  research. 

Research  Problem 

The  CAF  recently  installed  a  logistics  operating  system,  EQUALS,  to  improve 
communication,  reliability,  flexibility,  and  accuracy  of  the  logistics  information  flowing 
through  the  supply  charmel.  However,  the  initial  results  showed  that  the  inventory  cost 
and  turnover  have  not  stopped  growing;  subsequently,  the  operational  readiness  has  been 
affected  by  the  lead-time  within  the  supply  channel.  This  is  a  problem  because  budget 
allocations  require  accurate  estimates  of  the  product  volume  to  be  handled  by  the  logistics 
system.  Under  certain  circumstances,  especially  during  short  term  planning  such  as 
inventory  control,  logisticians  often  flnd  it  necessary  or  useful  to  produce  forecasting 
information  [Ballou,  1992:108-109]. 
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Purpose  of  this  Research 


The  purpose  of  the  study  was  twofold.  First,  this  diesis  compared  several 
forecasting  techniques  to  be  used  with  consumable  and  repairable  items.  The  second 
purpose  was  to  provide  a  procedure  for  the  Colombian  Air  Force  to  plan  future  aircraft 
spare  parts  requirements,  based  on  forecasting  techniques,  using  the  information  provided 
by  its  logistics  information  system. 

Research  Questions  and  Hypotheses 

Ballou  suggests  that  the  forecasting  of  demand  levels  is  vital  to  the  firm  as  a 
whole  as  it  provides  the  basic  inputs  for  the  planning  and  control  of  all  functional  areas, 
including  logistics,  marketing,  production  and  finance  [Ballou,  1992: 108-149].  In  this 
case,  forecasting  is  studied  as  an  important  aid  in  effective  and  efficient  planning  in  the 
CAF  logistics  environment.  The  research  questions  are  as  follows: 

Research  Question  No.  1 .  Can  forecasting  techniques  improve  the  planning 
process  of  future  requirements  for  aircraft  spare  parts  with  the  current  information 
provided  by  the  CAF  logistics  information  system,  "EQUALS"?  To  answer  this  research 
question  the  following  hypothesis  was  tested: 

Hit,:  No  performance  difference  exists  between  forecasting  techniques  and  current 
demand  management  techniques. 

HI 3:  At  least  one  forecasting  method  is  different  from  current  demand 
management  techniques. 
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Based  on  the  cost  comparison  results  presented  in  Chapter  4,  the  hypothesis  can 
be  decided.  There  is  enough  evidence  to  say  that  in  7  out  of  8  items  the  forecasting 
system  performs  better  than  the  current  management  system. 

Research  Question  No.2.  What  forecasting  technique  is  more  appropriate  for  each 
demand  pattern  category?  To  answer  this  research  questions  the  following  hypothesis  was 
tested: 

H2o:  No  performance  differences  Fj  =  F2...=F„  in  all  demand  categories. 

U2^:  At  least  one  forecasting  technique  differs  from  others. 

Based  on  the  non-parametric  test  results  (and  as  suggested  by  the  parametric 
results)  the  hypothesis  can  be  decided.  There  is  enough  evidence  at  an  a  level  of  0.0 1 
that  at  least  one  forecasting  technique  was  not  equal.  It  was  found  that  the  performance 
of  the  forecasting  techniques  differ,  and  that  single  exponential  smoothing  and  moving 
average  performed  about  the  same,  but  better  than  double  exponential  smoothing  and 
autoregression. 

Results  and  Management  Implication  for  Research  Question  No.  1. 

Based  on  the  results  presented  on  Chapter  4,  the  cost  difference  between  the 
current  system  and  the  forecasting  system  was  negative.  This  negative  difference 
indicates  that  the  replenishment  pattern  based  on  the  forecasting  quantities  produced  a 
total  absolute  savings  of  $96,486.55  dollars  in  8  items  that  had  an  annual  purchase  value 
of  $945,953.66  dollars,  which  is  equivalent  to  10.2%.  Absolute  savings  of  that  amount  of 
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money  could  be  very  important.  If  the  10.2%  savings  apply  to  all  the  consumable  and 
repairable  items  purchased  during  1997,  the  total  saved  could  be  even  more  impressive. 

In  general,  the  forecasting  system  proposed  performed  better  than  the  current 
system  because  it  was  able  to  detect  the  trend  and  seasonality  present  in  the  time  series 
component  of  the  demand  data.  The  findings  suggest  that  the  current  method  is 
overestimating  actual  needs. 

When  demand  is  stochastic,  there  is  a  chance  of  not  being  able  to  satisfy  some  of 
the  demand  on  a  routine  basis  directly  out  of  stock.  If  demand  is  unusually  large,  a  stock¬ 
out  may  occur  or  emergency  actions  may  be  required  to  avoid  a  stockout  On  the  other 
hand,  if  demand  is  lower  than  anticipated,  the  replenishment  arrives  earlier  than  needed 
and  excess  inventory  is  carried.  In  fact,  in  this  study  the  current  system  noted  that  in 
some  cases  the  demand  was  underestimated  while  in  other  cases  it  was  overestimated. 

Managers  may  have  different  perspectives  on  how  to  balance  these  two  types  of 
risks.  There  are  four  possible  methods  of  modeling  these  management  perspectives  to 
arrive  at  appropriate  decision  rules.  The  choice  among  these  should  be  consistent  with 
the  customer’s  perceptions  of  what  is  important.  The  four  methods  according  to  Silver 
and  Pike  [1997:  350]  are: 

1 .  The  Simnle  Approach,  assigning  a  common  safety  factor  or  a  common  time 
supply  to  each  item. 

2.  Safety  Stocks  Based  on  Minimizing  Costs:  These  approach  involve  specifying 
(explicitly  or  implicitly)  a  way  of  costing  a  shortage  and  then  minimizing  total 
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cost.  The  minimization  approach  trade-off  the  cost  of  special  transportation 
versus  the  cost  of  holding  more  inventory. 

3.  Safety  Stocks  Based  on  Customer  Service.  This  approach  introduces  control 
parameter  known  as  service  level;  however  the  choice  in  the  selection  of  the 
service  level  can  increase  the  cost  of  holding  inventory. 

4.  Safety  Stocks  Based  on  Aggregate  Considerations.  This  approach  consists  is 
establishing  a  safety  stock  for  individual  items  based  on  the  essentiality  of 
each  one. 

Safety  stock  is  extra  inventory  on  hand  to  cushion  against  stockouts  due  to 
fluctuations  of  demand.  It  is  needed  to  cover  the  demand  during  the  replenishment  lead 
time  in  case  actual  demand  exceeds  expected  demand,  or  actual  lead  time  exceed 
expected  lead  time.  Safety  stock  has  two  affects  on  a  firm’s  cost:  it  decreases  the  cost  of 
stockout,  and  it  increases  the  holding  cost.  In  general,  it  can  be  said  that  safety  stocks  are 
needed  because  forecasts  are  less  than  perfect  and  suppliers  sometimes  fail  to  deliver 
goods  on  time. 

Results  and  Management  Implication  for  Research  Question  No.  2 

This  section  summarizes  the  results  obtained  from  the  analysis  of  which 
forecasting  techniques  are  more  appropriate  for  each  demand  pattern  and  explains  the 
implications  that  this  may  have  for  the  Air  Force. 


Appropriate  Forecasting  Technique. 

The  general  results  obtained  from  the  parametric  test  (ANOVA)  and  non- 
parametric  test  (Friedman)  confirm  that  simple  exponential  smoothing  and  moving 
average  provide  more  accurate  forecasts  with  99%  confidence  than  double  exponential 
smoothing  and  autoregression.  Table  33  presents  the  best  forecasting  methods  for  each 
of  the  8  levels  of  the  three  factors  with  their  respective  parameters. 


Table  33.  Recommended  Forecasting  Techniques  and  Parameters 


RECOMMENDED  FORECASTING 

TECHNIQUES 

Single 

Exponential 

Parameter 

a 

Moving 

Average 

#  periods 
MA 

Consumable 

Low  demand 

Specific 

■Hi 

0.6 

X 

5 

Common 

mm 

0.4 

High  demand 

Specific 

X 

5 

Common 

X 

0.4 

X 

5 

Repairable 

High  demand 

Common 

X 

0.1 

Specific 

X 

0.6 

X 

8 

Low  demand 

Common 

X 

0.1 

Specific 

X 

0.3 

X 

8 

Management  Implications. 

The  implementation  of  a  forecasting  system  may  be  a  long  drawn  out  process 
whose  importance  and  duration  are  both  often  underestimated.  Gradual  implementation 
accompanied  by  extensive  education  is  essential.  Where  possible,  a  so-called  pilot 
approach  should  be  first  utilized.  Specifically,  if  the  new  system  is  adopted  it  should  be 
implemented  on  a  trial  basis  on  a  limited  class  of  items  [Silver,  1997: 100]. 

A  prerequisite  for  effective  human  involvement  in  forecasting  is  transparency  in 
the  basic  statistical  forecasting  procediue.  Only  if  the  individual  understands  the 
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assiimptions  of  the  underlying  model,  can  he  or  she  apply  subjective  adjustments  to 
incorporate  the  effects  of  other  factors  not  included  in  the  model  [Silver,  1997: 123]. 

Recommendations  For  Future  Studies  And  Analysis 

As  discussed  in  Chapter  Four,  the  forecasting  methods  did  not  predict  accurately 
for  consumable-  high  demand-common  and  specific  items.  According  to  Brown  [1956: 
1],  high  demand  items  offer  a  reliable  basis  for  predicting  future  demand,  which  is  totally 
different  with  the  findings  of  this  study.  Since  only  1  item  was  used  as  a  representation 
of  the  categories  in  discussion,  jfrom  a  total  of  31 12  contained  in  the  data,  it  is  important 
to  include  more  items  in  the  study  to  obtain  a  more  accmate  conclusion  about  the 
forecasting  performance  using  single  exponential  or  moving  average.  Once  the  results 
obtained  are  verified  the  next  step  is  to  apply  the  forecasting,  preferable  the  same  method, 
to  each  individual  part  number.  However,  to  reduce  the  cost  of  doing  that  it  is  advisable 
to  group  the  part  numbers  for  class  items.  This  class  items  classification  is  outside  of  the 
scope  of  this  research.  Nevertheless,  a  good  approximation  according  to  Shield  [1998: 

24]  is  to  forecast  the  items  with  high  and  medium  annual  demand  rate  in  terms  of  dollars 
expenditure,  and  include  deliberately  those  critical  items  that  are  in  the  lowest 
expenditure  range  as  high  demand  because  they  have  a  high  stock-out  cost. 

The  fact  remains  that  demand  for  most  spare  parts  cannot  now  be  predicted  with 
confidence,  and  perhaps  never  can.  This  makes  it  necessary  to  consider  some 
improvements  in  logistics  operations  to  make  it  easier  to  live  with  demand  uncertainty. 
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Among  such  improvements  would  be  a  shortening  of  the  resupply  time,  the  procurement 
lead  time,  and  of  the  repair  cycle  for  spare  parts  [Brownl956:  viii-xi]. 

Shortening  resupply  time  would  generally  reduce  the  amount  of  buffer  stocks  that 
must  be  kept  at  the  warehouse.  Even  though  it  might  cost  the  system  more  to  reduce 
resupply  time,  the  savings  in  required  buffer  stocks,  as  well  as  the  reduction  in  lost 
performance  time  for  aircraft  suffering  the  shortage,  might  outweigh  this  increase  in  cost 
[Brown,  1956:ix]. 

Reducing  the  procurement  lead  time,  with  the  option  of  frequent  reorder,  would 
promise  considerable  economies  in  the  procurement  of  spare  parts.  Such  shortening  in 
the  Air  Force  might  be  hard  to  achieve  because  it  would  probably  required  changes  in 
contractual  and  procurement  techniques.  Very  likely,  reductions  in  proctirement  lead 
time  would  be  accompanied  by  increases  in  cost,  but  these  increases  should  be  balanced 
in  the  volume  of  parts  procured  [Brown,  1956:  xi]. 

A  shortening  of  repair  cycle  time  finally  could  probably  be  accomplished  by 
major  revisions  in  the  present  system  of  scheduling  and  doing  repair.  The  ability  to 
repair  quickly  would  permit  the  system  to  operate  with  smaller  inventory  of  parts;  and  at 
all  stages,  it  would  help  to  prevent  the  imcertainty  of  demand  [Brown,  1956:  xi]. 

These  improvements  would  probably  have  valuable  effects  in  various  directions 
of  the  organization  that  lie  outside  the  scope  of  this  research.  In  relation  to  the 
forecasting  of  demand,  they  would  tend  to  overcome  some  of  the  costly  effects  of  the 
imcertainty  surrounding  the  predictability  of  demand  for  aircraft  spare  parts. 
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Conclusions 


This  research  has  been  concerned  with  the  difficulty  of  forecasting  demand  and 
this  remains  a  very  complicated  matter  because  it  is  very  difficult  to  predict  the  future 
with  100%  accuracy.  Many  factors  can  affect  the  demand  of  spare  parts,  such  as 
economic  conditions,  political  decisions,  weather  conditions,  number  of  flying  hours, 
number  of  sorties,  mechanics  skills,  and  so  on.  Each  of  these  variables  has  their  own 
level  of  imcertainty.  To  reduce  the  level  of  uncertainty,  one  forecasting  method  could  be 
better  at  one  point  and  another  method  may  perform  better  at  another  point  of  time. 
Despite  the  numerous  difficulties,  there  is  much  that  can  be  done  to  combat  the 
uncertainty  of  demand  or,  at  least,  to  overcome  its  effects. 

According  to  Silver  [1997:  74]  forecasts  are  needed  to  set  up  performance 
standards  for  customer  service,  to  plan  the  allocation  of  total  inventory  investment,  to 
place  replenishment  orders,  to  identify  needs  for  additional  production  capacity,  and  to 
choose  between  alternative  operating  strategies.  Only  one  thing  is  certain  after  such 
decisions  are  made,  “  the  forecasts  will  be  in  error”.  Planning  and  control  procedure 
should  thus  reflect  the  presence  of  such  errors. 

The  results  of  this  research  demonstrate  that  in  general  the  forecasting  methods 
perform  better  than  the  cxirrent  management  system,  and  that  single  exponential 
smoothing  and  moving  average  are  more  accurate  to  predict  aircraft  spare  parts  demand. 

It  is  clear  that  forecasting  method  is  a  useful  tool  to  improve  the  planning  process  in  an 
organization. 
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Since  most  of  the  time  the  forecast  is  inaccurate,  there  are  additional  ways  to 
overcome  this  difficulty  and  involve  making  the  logistics  system  more  responsive.  These 
ways  could  include  shortening  the  resupply  time,  reducing  the  procurement  lead  time,  and 
reducing  the  cycle  time  for  repair.  Such  improvements  might  require  major  changes  in 
logistics  structure  and  policy;  consequently,  they  would  take  time  to  effect.  Nevertheless, 
when  all  the  actions  suggested  become  effective,  they  will  change  the  Colombian  Air 
Force  logistics  environment  and  would  improve  the  budget  allocation  and  operational 
readiness. 

Research  Summary 

This  research  presented  the  problem  of  improving  the  planning  function  by  means 
of  using  the  data  provided  by  its  logistics  information  system.  The  research  consisted  of 
five  chapters.  The  first  chapter  introduced  the  purpose  of  the  research  and  the 
background  surrounding  it.  The  second  chapter  presented  some  of  the  concepts  discussed 
throughout  the  research.  The  third  chapter  illustrated  the  methodology  used  for  the 
research.  Chapter  four  provided  the  results  and  analysis  of  the  study.  Finally,  this 
chapter  made  some  conclusions  and  recommendations  for  further  studies. 
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Appendix  A:  Cause  and  Effect  Diagram 
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Appendix  B:  Monthly  Demand  Of  Time  Series 
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Appendix  C:  Forecasting  Calculations  for  1997  Using  Historical  Demand  Data 
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Appendix  D:  Non-Parametric  Tests  Observed  From  Historical  Demand  Data 
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Appendix  E:  Decomposition  of  Historical  Demand  Data 
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Qty5-  REP-H-C  /  PN  ZP650-SC-B-M-3 
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Trend 

Detrend 

Seasonal 

Irregular 

Month 

Obs(Yt) 

12MAfrt) 

Yt-Tt 

St 

Et 

j3n-96 

4 

2.3077 

1.6923 

-0.32051 

2.0128 

Feb-96 

4 

2.0000 

0.29167 

1.7083 

Mar-96 

1 

2.3529 

-1.3529 

-0.63480 

-0.7181 

Apr-96 

0 

2.5263 

-2.5263 

-163816 

-0.8882 

May-96 

1 

2.3810 

-1.3810 

-0.02381 

-1.3571 

Jun-96 

5 

2.3478 

2.6522 

1.32609 

1.3261 

Jul-96 

0 

2.2500 

-2.2500 

-1.10326 

-1.1467 

Aug-96 

0 

2.0000 

-2.0000 

-2.11905 

0.1190 

Sep-96 

5 

1.9167 

3.0833 

2.80482 

0.2785 

Oct-96 

4 

2.0000 

2.0000 

0.73529 

1.2647 

Nov-96 

1 

2.3333 

-1.3333 

-103333 

-0.3000 

Dec-96 

2 

2.5000 

■0.5000 

0.40385 

-0.9038 

Jan-97 

0 

2.3333 

-2.3333 

-0.32051 

-2.0128 

Feb-97 

1 

2.4167 

-1.4167 

0.29167 

-17083 

Mar-97 

3 

2.9167 

0.0833 

-0.63480 

0.7181 

Apr-97 

2 

2.7500 

-0.7500 

-1.63816 

0.8882 

May-97 

4 

2.6667 

1.3333 

-0.02381 

1.3571 

Jun-97 

3 

3.0000 

0.0000 

132609 

-13261 

Jui-97 

3 

2.9565 

0.0435 

-1.10326 

11467 

Au9-97 

1 

3.2381 

-2.2381 

-2.11905 

-0.1190 

Sep-97 

6 

3.4737 

2.5263 

2.80482 

-0.2785 

Oct-97 

3 

3.5294 

-0.5294 

0.73529 

-12647 

Nov-97 

3 

3.7333 

-0.7333 

-1.03333 

0.3000 

Dec-97 

5 

3.6923 

1.3077 

0.40385 

0.9038 

Grand  Total 

61 
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Trend 

Detrend 

Seasonal 

Irregular 

Month 

Obs(Yt) 

12MA(Tt) 

Yt-Tt 

St 

Et 

Jan-96 

1 

1.3846 

-0.3846 

-0.9423 

0.5577 

Feb-96 

1 

1.4667 

-0.4667 

1.0167 

-1.4833 

Mar-96 

3 

1.2941 

1.7059 

3.6446 

-1.9387 

Apr-96 

0 

1.2632 

-1.2632 

^.8816 

-0.3816 

May-96 

2 

1.2381 

0.7619 

-0.3690 

1.1310 

Jun-96 

2 

1.3043 

0.6957 

-0.3605 

1.0562 

Jul-96 

0 

1.2500 

-1.2500 

-1.2772 

0.0272 

Aug-96 

2 

1.5000 

0.5000 

-0.4643 

0.9643 

Sep*96 

0 

2.00OT 

-2.0000 

-1.0789 

-0.9211 

Oct-96 

1 

1.8333 

-0.8333" 

-0.1520 

-0.6814 

Nov-96 

1 

1.8333 

-0.8333 

-0.1167 

-0.7167 

Dec-96 

2 

i.eeoT' 

0.3333 

-0.0641 

0.3974 

Jan-97 

0 

1.5000 

-1.5000 

-0.9423 

-0.5577 

Feb-97 

4 

1.5000 

2.5000 

1.0167 

1.4833 

Mar-97 

7 

1.4167 

5.5833 

3.6446 

1.9387 

Apr-97 

1 

1.5000 

-0.5000 

-0.8816 

0.3816 

May-97 

0 

1.5000 

-1.5000 

-0.3690 

-1.1310 

Jun-97 

0 

1.4167 

-1.4167 

-0.3605 

-1.0562 

Jul-97 

0 

1.3043 

-1.3043 

-1.2772 

-0.0272 

Aug-97 

0 

1.4286 

-1.4286 

-0.4643 

-0.9643 

Sep-97 

1 

1.1579 

-0.1579 

-1.0789 

0.9211 

Oct-97 

1 

0.4706 

0.5294 

-0.1520 

0.6814 

Nov-97 

1 

0.4000 

0.6000 

-0.1167 

0.7167 

Dec-97 

0 

0.4615 

-0.4615 

-0.0641 

-0.3974 

Grand  Total 

30 
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Month 


Jan-96 


Feb-96 


Mar-96 


Apr-96 


May-96 


Jun-96 


Jul-96 


Aug-96 


Sep-96 


Oct-96 


Nov-96 


Dec-96 


Jan-97 


Feb-97 


Mar-97 


Apr-97 


May-97 


Jun-97 


Jul-97 


Aug-97 


Sep-97 


Oct-97 


Nov-97 


Dec-97 


Grand  Total 


Obs(Yt) 


0 


2 


0 


0 


0 


0 


0 


0 


0 


6 


1 


0 


0 


0 


1 


0 


1 


5 


0 


2 


0 


0 


0 


3 


21 


Trend 

Detrend 

Seasonal 

Irregular 

12MA(Tt) 

Yt-Tt 

St 

Et 

0.3077 

•0.3077 

-0.7372 

0.4295 

0.2667 

1.7333 

0.2000 

1.5333 

0.2353 

-0.2353 

-0.2843 

0.0490 

0.8421 

-0.8421 

-1.0877 

0.2456 

0.8571 

-0.8571 

-0.3452 

-0.5119 

0.7826 

-0.7826 

1.6087 

-2.3913 

0.7500 

-0.7500 

-0.8967 

0.1467 

0.7500 

-0.7500 

0.0536 

-0.8036 

0.6667 

■0.6667 

-0.9649 

0.2982 

0.6667 

5.3333 

2.0196 

3.3137 

0.7500 

0.2500 

-0.6083 

0.8583 

1.1667 

-1.1667 

0.1474 

-1.3141 

1.1667 

-1.1667 

-0.7372 

-0.4295 

1.3333 

-1.3333 

0.2000 

-1.5333 

1.3333 

-0.3333 

-0.2843 

-0.0490 

1.3333 

-1.3333 

-1.0877 

-0.2456 

0.8333 

0.1667 

-0.3452 

0.5119 

1.0000 

4.0000 

1.6087 

2.3913 

1.0435 

-1.0435 

-0.8967 

-0.1467 

1.1429 

0.8571 

0.0536 

0.8036 

1.2632 

-1.2632 

-0.9649 

-0.2982 

1.2941 

-1.2941 

2.0196 

-3.3137 

1.4667 

-1.4667 

-0.6083 

-0.8583 

1.5385 

1.4615 

0.1474 

1.3141 

Qty8-  REP-L-S  /  PN  DH1 030-24-600 
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Appendix  F:  Kolmogorov  Test  for  The  Uniform  Distribution 


^  i  :^KOUII^a)RW*SMti^CWTK«v0NIF<»^^ 

-c 

IHHH 

172.3974 

147,603 

0,038 

0.04 

0.0032 

0.038 

2 

160.1333 

153.762 

0.078 

0.08 

0.0049 

0.037 

3 

157.9069 

154.702 

0.119 

0.13 

0.0062 

0.035 

4 

156.2281 

156.147 

0.159 

0.17 

0.0072 

0.034 

2 

158.5417 

156.228 

0.200 

0.08 

0.0000 

0.033 

6 

157.8315 

157.832 

0,241 

0.25 

0.0088 

0.158 

7 

156.1467 

157.907 

0.282 

0.29 

0.0093 

0.032 

8 

166.2381 

158.542 

0.324 

CO 

CO 

CD 

0.0097 

0.032 

9 

165.2982 

158.676 

0.365 

0.38 

0.0101 

0.032 

10 

161.2549 

158.745 

0.406 

0.42 

0.0104 

0.031 

11 

160.7000 

159.300 

0.448 

0.46 

0.0106 

0.031 

12 

161.3237 

159.867 

0.489 

0.50 

0.0106 

0.031 

13 

147.6026 

160.133 

0.531 

0.54 

0.0106 

0.031 

14 

159.8667 

160.700 

0.573 

0.58 

0.0104 

0.031 

15 

162.0931 

161,255 

0.615 

0,63 

0.0101 

0.032 

16 

163.7719 

161.324 

0.657 

0.67 

0.0097 

0.032 

17 

161.4583 

161.458 

0.699 

0.71 

0.0093 

0.032 

18 

162.1685 

162.093 

0.741 

0.75 

0.0088 

0.033 

19 

163.8533 

162.168 

0.783 

0.79 

0.0082 

0.033 

20 

153.7619 

163.772 

0.826 

0.83 

0.0072 

0.034 

21 

154.7018 

163.853 

0.869 

0.88 

0.0062 

0.035 

22 

158.7451 

165.298 

0.912 

0.92 

0.0049 

0.037 

23 

159.3000 

166.238 

0.955 

0.96 

0.0032 

0.038 

24 

158.6763 

172.397 

1.000 

1 

0.0000 

0.042 

— HIES 

3840 

0.010596581 

0.157883478 

Ho:  Irregular  component  is  uniform  distributed 


Reject  Ho? 


D= 

0.157883478 

a= 

0.05 

N= 

24 

D{a,N)= 

0.277608838  (critical  value ) 

C 

NO  (D<D(a,N)) 
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iiiwii 

1 

174.2276 

145.772 

0.038 

0.04 

0.0037 

0.038 

2 

155.3500 

148.339 

0.077 

0.08 

0.0067 

0.035 

3 

161.0882 

150.495 

0.116 

0.13 

0.032 

4 

155.7303 

152.949 

0.156 

0.17 

0.0111 

0.031 

2 

158.5476 

154.917 

0.196 

0.08 

0.0000 

0.029 

6 

157.2083 

155.350 

0.236 

0.25 

0.0136 

0.153 

7 

150.4946 

155.730 

0.277 

0.29 

0.0147 

0.027 

8 

171.6607 

157.208 

0.318 

0.33 

0.0154 

0.026 

9 

157.3838 

157.384 

0.359 

0.38 

0.0161 

0.026 

10 

158.8627 

158.548 

0.400 

0.42 

0.0165 

0.025 

11 

165.0833 

158.863 

0.442 

0.46 

0.0168 

0.025 

12 

167.0513 

158.912 

0.483 

0.50 

0.0171 

0.025 

13 

145.7724 

161.088 

0.525 

0.54 

0.0168 

0.025 

14 

164.6500 

161.137 

0.567 

0.58 

0.0165 

0.025 

15 

158.9118 

161.452 

0.609 

0.63 

0.0161 

0.026 

16 

164.2697 

162.616 

0.651 

0.67 

0.0154 

0.026 

17 

161.4524 

162.792 

0.694 

0.71 

0.0147 

0.027 

18 

162.7917 

164.270 

0.736 

0.75 

0.0136 

0.028 

19 

169.5054 

164.650 

0.779 

0.79 

0.0124 

0.029 

20 

148.3393 

165.083 

0.822 

0.83 

0.0111 

0.031 

21 

162.6162 

167.051 

0.866 

0.88 

0.0092 

0.032 

22 

161.1373 

169.505 

0.910 

0.92 

0.0067 

0.035 

23 

154.9167 

171.661 

0.955 

0.96 

0.0037 

0.038 

24! 

152.9487 

174.228 

1.000 

1 

0.0000 

0.042 

^ .  aim 

3840 

0.017066102 

0.15307856 

Hq:  Irregular  component  is  uniform  distributed 

D=  0.15307856 


0.05 


N= 

D(a,N)= 
Reject  Ho? 


24 

0.277608838  (critical  value ) 
NO  |(D<D(a,N)) 
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BUS 

PittnaKnd' 

1 

218.6795 

5.486 

0.001 

0.04 

0.0402 

0.001 

2 

204.4500 

12.762 

0.005 

0.08 

0.0786 

0.000 

3 

184.4926 

52.412 

0.018 

0.13 

0.1066 

0.000 

4 

52.4123 

100.366 

0.045 

0.17 

0.1221 

0.000 

2 

101.321 

0.071 

0.08 

0.0124 

0.000 

6 

219.6341 

115.550 

0.101 

0.25 

0.1490 

0.018 

7 

5.4855 

118.392 

0.132 

0.29 

0.1598 

0.000 

8 

307.2381 

128.208 

0.165 

0.33 

0.1681 

0.000 

9 

185.2434 

132.631 

0.200 

0.38 

0.1752 

0.000 

10 

178.7574 

134.757 

0.235 

0.42 

0.1818 

0.000 

11 

201.6083 

135.507 

0.270 

0.46 

0.1882 

0.000 

12 

132.6314 

141.243 

0.307 

0.50 

0.1931 

0.000 

13 

101.3205 

178.757 

0.353 

0.54 

0.1882 

0.000 

14 

115.5500 

184.493 

0.402 

0.58 

0.1818 

0.000 

15 

135.5074 

185.243 

0.450 

0.63 

0.1752 

0.000 

16 

267.5877 

187.369 

0.499 

0.67 

0.1681 

0.000 

17 

191.7917 

191.792 

0.549 

0.71 

0.1598 

0.000 

18 

100.3659 

201.608 

0.601 

0.75 

0.1490 

0.000 

19 

314.5145 

204.450 

0.654 

0.79 

0.1374 

0.000 

20 

12.7619 

218.679 

0.711 

0.83 

0.1221 

0.000 

21 

134.7566 

219.634 

0.768 

0.88 

0.1066 

0.000 

22 

141.2426 

267.588 

0.838 

0.92 

0.0786 

0.000 

23 

118.3917 

307.238 

0.918 

0.96 

0.0402 

0.001 

24 

187.3686 

314.514 

1.000 

1 

0.0000 

0.042 

3840 

—MSS 

0.19306 

0,04167 

Hg  ;  Irregularcomponent  is  uniform  distributed 


D  = 

0.193064027 

a= 

0.05 

N= 

24 

D(a,N)  = 

0.277608838  (critical  value ) 

Reject  Hg?  [ 

NO  (D<D(a,N)) 
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KfwimAzed  . 

S'- 

1 

156.7917 

155.853 

0.041 

0.04 

0.0011 

0.041 

2 

159.4750 

156.397 

0.081 

0.08 

0.0020 

0.040 

3 

162.6593 

156.409 

0.122 

0.13 

0.0030 

0,039 

4 

159.8004 

156.792 

0.163 

0.17 

0.0038 

0.038 

2 

161.0833 

157.341 

0.204 

0.08 

0.0000 

0.037 

6 

160.0489 

158.256 

0.245 

0.25 

0.0049 

0.162 

7 

156.4094 

158.853 

0.286 

0.29 

0.0052 

0.036 

8 

161.7440 

158.917 

0.328 

0.33 

0.0055 

0.036 

9 

164.1469 

158.925 

0.369 

0.38 

0.0058 

0.036 

10 

158.8529 

159.475 

0.411 

0.42 

0.0059 

0.036 

11 

158.9250 

159.800 

0.452 

0.46 

0.0060 

0.036 

12 

163.6026 

159.951 

0.494 

0.50 

0.0060 

0.036 

13 

163.2083 

160.049 

0.536 

0.54 

0.0060 

0.036 

14 

160.5250 

160.200 

0.577 

0.58 

0.0059 

0.036 

15 

157.3407 

160.525 

0.619 

0.631 

0.0058 

0.036 

16 

160.1996 

161.075 

0.661 

0.67 

0.0055 

0.036 

17 

158.9167 

161.083 

0.703 

0.71 

0.0052 

0.036 

18' 

159.9511 

161.147 

0.745 

0.75 

0.0049 

0.037 

19 

163.5906 

161.744 

0.787 

0.79 

0.0045 

0.037 

20 

158.2560 

162.659 

0.830 

0.83 

0.0038 

0.038 

21 

155.8531 

163.208 

0.872 

0.88 

0.0030^ 

0.039 

22 

161.1471 

163.591 

0.915 

0.92 

0.0020 

0.040 

23 

161.0750 

163,603 

0.957 

0.96 

0.0011 

0.041 

24 

156.3974 

164.147 

1.000 

1 

0.0000 

0.042 

3840 

0.005997561 

0.16173131 

Hp :  Irregular  component  is  uniform  distributed 


D  = 

0.16173131 

a= 

0.05 

N= 

24 

D{a,N)  = 

0.277608838  (critical  value ) 

Reject  Ho? 

1  NO  |(D<  D(a,N)) 
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IBM 

1 

162.0128 

157.987 

0.041 

0.04 

0.0005 

0.041 

2 

161.7083 

158.292 

0.082 

0.08 

0.0010 

0.041 

3 

159.2819 

158.643 

0.124 

0.13 

0.0013 

0.040 

4 

159.1118 

158.674 

0.165 

0.17 

0.0017 

0.040 

2 

158.6429 

158.735 

0.206 

0.08 

0.0000 

0.040 

6 

161.3261 

158.853 

0.248 

0.25 

0.0023 

0.164 

7 

158.8533 

159.096 

0.289 

0.29 

0.0025 

0.039 

8 

160.1190 

159.112 

0.331 

0.33 

0.0028 

0.039 

9 

160.2785 

159.282 

.  0.372 

oo 

CO 

o 

0.0029 

0.039 

10 

161.2647 

159.700 

0.414 

0.42 

0.0030 

0.039 

11 

159.7000 

159,721 

0.455 

0.46 

0.0031 

0.039 

12 

159.0962 

159,881 

0.497 

0.50 

0.0031 

0.039 

13 

157.9872 

160.119 

0.539 

0.54 

0.0031 

0.039 

14 

158.2917 

160.279 

0.580 

0.58 

0.0030 

0.039 

15 

160.7181 

160.300 

0.622 

0.63 

0.0029 

0.039 

16 

160.8882 

160.718 

0.664 

0.67 

0.0028 

0.039 

17 

161.3571 

160.888 

0.706 

0.71 

0.0025 

0.039 

18 

158.6739 

160.904 

0.748 

0.75 

0.0023 

0.039 

19 

161,1467 

161.147 

0.790 

0.79 

0.0020 

0.040 

20 

159.8810 

161.265 

0.832 

0.83 

0.0017 

0.040 

21 

159.7215 

161.326 

0.874 

0.88 

0.0013 

0.040 

22 

158.7353 

161.357 

0.916 

0.92 

0.0010 

0.041 

23 

160.3000 

161.708 

0.958 

0.96 

0.0005 

0.041 

24 

160.9038 

162.013 

1.000 

1 

0.0000 

0.042 

siHii 

3840 

0.003131 

0.164371 

Hq  :  Irregular  component  is  uniform  distributed 

D=  0.164370878 

a=  0.05 


N=  24 

D(a,N)  =  0.277609  (critical  value ) 

(D<  D(a.N)) 


Reject  Hq? 


NO 
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1 

160.5577 

158.061 

0.041 

0.04 

0.0005 

0.041 

2 

158.5167 

158.517 

0,082 

0.08 

0.0009 

0.041 

3 

158.0613 

158.869 

0.124 

0.13 

0.0012 

0.040 

4 

159.6184 

158.944 

0.165 

0.17 

0.0015 

0.040 

2 

161.1310 

159.036 

0.207 

0.08 

0.0000 

0.040 

6 

161.0562 

159.079 

0.248 

0.25 

0.0020 

0.165 

7 

160.0272 

159.283 

0.290 

0.29 

0.0021 

0.040 

8 

160.9643 

159.319 

0.331 

0.33 

0.0023 

0.039 

9 

159.0789 

159.442 

0.373 

0.38 

0.0025 

0.039 

10 

159.3186 

159.603 

0.414 

0.42 

0.0026 

11 

159.2833 

159.618 

0.456 

0.46 

0.0027 

0.039 

12 

160.3974 

159.973 

0.497 

0.50 

0.0027 

0.039 

13 

159.4423 

160.027 

0.539 

0.54 

0.0027 

0.039 

14 

161.4833 

160.382 

0.581 

0.58 

0.0026 

0.039 

15 

161.9387 

160.397 

0.623 

0.63 

0.0025 

0.039 

16 

160.3816 

160.558 

0.664 

0.67 

0.0023 

0.039 

17 

158.8690 

160.681 

0.706 

0.71 

0.0021 

0.040 

18 

158.9438 

160.717 

0.748 

0.75 

0.0020 

0.040 

19 

159.9728 

160.921 

0.790 

0.79 

0.0017 

0.040 

20 

159.0357 

160.964 

0.832 

0.83 

0.0015 

0.040 

21 

160.9211 

161.056 

0.874 

0.88 

0.0012 

0.040 

22 

160.6814 

161.131 

0.916 

0.92 

0.0009 

0.041 

23 

160.7167 

161.483 

0.958 

0.96 

0.0005 

0.041 

24 

159.6026 

161.939 

1.000 

1 

0.0000^ 

0.042 

w:  sum 

3840 

0.00267 

0.16471 

Hq  :  Irregular  component  is  uniform  distributed 

D=  0.16471 

a=  0.05 


D(a,N)  = 
Reject  Ho? 


NO 


24 

0.27761  (critical  value ) 
(D<D(a.N)) 
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m 

1 

160.4295 

156.686 

0.041 

0.04 

0.0009 

0.041 

2 

161.5333 

157.609 

0.082 

0,08 

0.0015 

0.040 

3 

160.0490 

158.467 

0.123 

0.13 

0.0019 

0.040 

4 

160.2456 

158.686 

0.164 

0.17 

0.0022 

0.039 

2 

159.4881 

159.142 

0.206 

0,08 

0.0000 

0.039 

6 

157.6087 

159.196 

0.247 

0.25 

0.0027 

0.164 

7 

160.1467 

159.488 

0.289 

0.29 

0.0028 

0.039 

8 

159.1964 

159.571 

0.330 

0.33 

0.0029 

0.039 

9 

160.2982 

159.702 

0.372 

0.38 

0.0030 

0.039 

10 

163.3137 

159.754 

0.414 

0.42 

0.0030 

0.039 

11 

160.8583 

159.853 

0.455 

0.46 

0.0031 

0.039 

12 

158.6859 

159.951 

0.497 

0.50 

0.0031 

0.039 

13 

159.5705 

160.049 

0.539 

0.54 

0.0031 

0.039 

14 

158.4667 

160.147 

0.580 

0.58 

0.0030 

0.039 

15 

159.9510 

160.246 

0.622 

0.63 

0.0030 

0.039 

16 

159.7544 

160.298 

0.664 

0.67 

0.0029 

0.039 

17 

160.5119 

160.429 

0.706 

0.71 

0.0028 

0.039 

18 

162.3913 

160.512 

0.747 

0.75 

0.0027 

0.039 

19 

159.8533 

160.804 

0.789 

0.79 

0.0025 

0.039 

20 

160.8036 

160.858 

0.831 

0.83 

0.0022 

0.039 

21 

159.7018 

161.314 

0.873 

0.88 

0.0019 

0.040 

22 

156.6863 

161.533 

0.915 

0.92 

0.0015 

0.040 

23 

159.1417 

162.391 

0.957 

0.96 

0.0009 

0.041 

24 

161.3141 

163.314 

1.000 

1 

0.0000 

0.042 

3840 

0.00310 

0.16401 

Ho  :  Irregular  component  is  uniform  distributed 

D=  0.16401 

a=  0.05 


N= 

D(a,N)  = 
Reject  Ho? 


NO 


24 

0.27761  (critical  value) 
(D<D(a.N)) 
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Appendix  G:  Transformation  of  Simulated  Demand  Data 


II 

i;v4ii-n'!nw 

Mean 

0.0000 

Bo 

(Constant) 

8.921 

Standard  Deviation 

8.3686 

B1 

PERIOD 

-0.34868 

Minimum 

-12.3974 

Excel  Fonnula~Rngunifonn(min,max) 

Maximum 

12.3974 

Count 

24 

Month 

Period 

Ei 

St 

Bo 

B1 

n 

rtcrrunc,0) 

Jan-96 

1 

12.9878 

7.0641 

8.921 

-0.3487 

29 

29 

Feb-96 

2 

14.9878 

-5.2000 

8.921 

-0.6974 

18 

18 

Mar-96 

3 

-9.0122 

4.2598 

8.921 

-1.0460 

-5 

0 

Apr-96 

4 

2.9878 

4.4386 

8.921 

-1.3947 

6 

6 

May-96 

5 

-1.0122 

-3.5417 

8.921 

-1.7434 

3 

3 

Jun-96 

6 

-1,0122 

-1.9185 

8.921 

-2.0921 

4 

4 

Jul-96 

7 

4.9878 

-3.8967 

8.921 

-2.4407 

8 

8 

Aug-96 

8 

8,9878 

5.0952 

8.921 

-2.7894 

20 

20 

Sep-96 

9 

14.9878 

7.0351 

8.921 

-3.1381 

28 

28 

Oct-96 

10 

-0.0122 

0.0784 

8.921 

-3.4868 

6 

6 

Nov-96 

11 

6.9878 

-0.3667 

8.921 

-3.8354 

12 

12 

Dec-96 

12 

5.9878 

2.0929 

8.921 

4.1841 

13 

13 

Jan-97 

13 

-2.0122 

7.0641 

8.921 

4.5328 

9 

9 

Feb-97 

14 

4.9878 

-5.2000 

8.921 

4.8815 

4 

4 

Mar-97 

15 

-1.0122 

4.2598 

8.921 

-5.2301 

-2 

0 

Apr-97 

16 

8.9878 

4.4386 

8.921 

-5.5788 

8 

8 

May-97 

17 

5.9878 

-3.5417 

8.921 

-5.9275 

5 

5 

Jun-97 

18 

-6.0122 

-1.9185 

8.921 

-6.2762 

-5 

0 

Ju!-97 

19 

8.9878 

-3.8967 

8.921 

-6.6249 

7 

7 

Aug-97 

20 

9.9878 

5.0952 

8.921 

-6.9735 

17 

17 

Sep-97 

21 

1.9878 

7.0351 

8.921 

-7.3222 

11 

11 

Oct-97 

22 

-3.0122 

0.07841 

8.921 

-7.6709 

-2 

0 

Nov-97 

23 

4.0122 

-0.3667 

8.921 

-8.0196 

-3 

0 

Dec-97 

24 

12.9878 

2.0929 

8,921 

-8.3682' 

16 

16 
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148 


149 


Mean 

0.0000 

Bo 

(Constant) 

4.986 

Standard  Deviation 

5.9916 

B1 

PERIOD 

0.061 

Minimum 

-4.1469 

Excel  Fonnula=Rnguniforni(min,max) 

Maximum 

4.1469 

Count 

24 

coNve^(M^$iiwutEo 

liLsiMypreHfa 

Month 

Period 

Et 

St 

Bo 

B1 

rt 

YtCTninc,©) 

Jan-96 

1 

-2.8438 

1.4712 

4.986 

0.0610 

4 

4 

Feb-96 

2 

-2.7697 

-4.0083 

4.986 

0.1220 

-2 

0 

Mar-96 

3 

-3.8143 

-8.6005 

4.986 

0.1831 

-7 

0 

Apr-96 

4 

-3.6402 

-3.4254 

4.986 

0.2441 

-2 

0 

May-96 

5 

-1.8681 

1.8155 

4.986 

0.3051 

5 

5 

Jun-96 

6 

0.8642 

8.3967 

4.986 

0.3661 

15 

15 

Jul-96 

7 

-4.0499 

-4.5163 

4.986 

0.4271 

-3 

0 

Aug-96 

8 

-2.9801 

9.2798 

4.986 

0.4882 

12 

12 

Sep-96 

9 

3.6304 

-10.7303 

4.986 

0.5492 

-2 

0 

Oct-96 

10 

0.4555 

10.9681 

4.986 

0.6102 

17 

17 

Nov-96 

11 

-3.6520 

-0.9250 

4.986 

0.6712 

1 

1 

Dec-96 

12 

-1.8005 

-12.5353 

4.986 

0.7323 

-9 

0 

Jan-97 

13 

1.5556 

1.4712 

4.986 

0.7933 

9 

9 

Feb-97 

14 

2.2656 

4.0083 

4.986 

0.8543 

4 

4 

Mar-97 

15 

0.1426 

-8.6005 

4.986 

0.9153 

-3 

0 

Apr-97 

16 

0.1307 

-3.4254 

4.986 

0.9763 

3 

3 

May-97 

17 

0.0424 

1.8155 

4.986 

1.0374 

8 

8 

Jun-97 

18 

3.5453 

8.3967 

4.986 

1.0984 

18 

18 

Jui-97 

19 

2.1936 

4.5163 

4.986 

1.1594 

4 

4 

Aug-97 

20 

-2.8003 

9.2798 

4.986 

1.2204 

13 

13 

Sep-97 

21 

2.2728 

-10.7303 

4.986 

1.2814 

-2 

0 

Oct-97 

22 

3.9994 

10.9681 

4.986 

1.3425 

21 

21 

Nov-97 

23 

0.3699 

1  -0.9250 

4.986 

1.4035 

6 

6 

Dec-97 

24 

2.2079 

•12.5353 

4.986 

1.4645 

1  -4 

0 

150 


Mean 

0.0000 

Bo 

(Constant) 

1.8236 

Standard  Deviation 

4.7417 

B1 

PERIOD 

0.0662 

Minimum 

-2.0128 

Excel  f  ormula=Rnguniform(min,max) 

Maximum 

2.0128 

Count 

24 

(XMMRSION  Ot-^MUtAli^IRREGatAR  COMPON^OATi^ldACTUALSIMIU'liO  Q 

Month 

Period 

Ft 

St 

Bo 

B1 

Yt 

Y^(Trunc,0) 

Jan-96 

1 

1.1878 

1.4712 

1.824 

0.0662 

5 

5 

Feb-96 

2 

1.0818 

■4.0083 

1.824 

0.1324 

-1 

0 

Mar-96 

3 

-1.8462 

-8.6005 

1.824 

0.1986 

-8 

0 

Apr-96 

4 

-0.6016 

-3.4254 

1.824 

0.2647 

-2 

0 

May-96 

5 

-1.3184 

1.8155 

1.824 

0.3309 

3 

3 

Jun-96 

6 

-0.6302 

8.3967 

1.824 

0.3971 

10 

10 

Jul-96 

7 

-1.3188 

4.5163 

1.824 

0.4633 

4 

0 

Aug-96 

8 

1.5205 

9.2798 

1.824 

0.5295 

13 

13 

Sep-96 

9 

-0.8419 

-10.7303 

1.824 

0.5957 

-9 

0 

Oct-96 

10 

-1.6447 

10.9681 

1.824 

0.6618 

12 

12 

Nov-96 

11 

-1.5702 

-0.9250 

1.824 

0.7280 

0 

0 

Dec-96 

12 

1.7582 

-12.5353 

1.824 

0.7942 

-8 

0 

Jan-97 

13 

1.1880 

1.4712 

1.824 

0.8604 

5 

5 

Feb-97 

14 

-1.8822 

4.0083 

1.824 

0.9266 

-3 

0 

Mar-97 

15 

1.5696 

-8.6005 

1.824 

0.9928 

4 

0 

Apr-97 

16 

•^.5803 

-3.4254 

1.824 

1.0590 

-1 

0 

May-97 

17 

0.3618 

1.8155 

1.824| 

1.1251 

5 

5 

Jun-97 

18 

0.5513 

8.3967 

1.824 

1.1913 

12 

12 

Jul-97 

19 

1.2571 

4.5163* 

1.824 

1.2575 

0 

0 

Aug-97 

20 

1.0818* 

9.2798 

1.824 

1.3237! 

14' 

14 

Sep-97 

21 

1.9471 

-10.7303 

1.824 

1.3899 

-6 

0 

Oct-97 

22 

0.4338 

10.9681 

1.824 

1.4561 

15 

15 

Nov-97 

23 

0.3484 

-0.9250 

1.824 

1.5222 

3 

3 

Dec-97 

24 

-0.4169 

-12.5353 

1.824 

1.5884 

-10 

0 
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pff?i 

Mean 

0.0000 

Bo 

(Constant) 

0.3968 

Standard  Deviation 

4.9774 

B1 

PERIOD 

0.0442 

Minimum 

-3.3137 

Excel  Formula=:Rngunifonn(min^ax) 

Maximum 

3.3137 

Count 

24 

Month 

Period 

St 

Bo 

B1 

rt 

Y*t(Trunc,0) 

Jan-96 

1 

-1.8580 

1.4712 

0.397 

0.0442 

0 

0 

Feb-96 

2 

3.0796 

-4.0083 

0.397 

0.0884 

0 

0 

Mar-96 

3 

’27727 

-8.6005 

0.397 

0.1327 

-11 

0 

Apr-96 

4 

1.9458 

-3.4254 

0.397 

0.1769 

-1 

0 

May-96 

5 

1.7350 

1.8155 

0.397 

0.2211 

4 

4 

Jun-96 

6 

0.8895 

8.3967 

0.397 

0.2653 

10 

10 

Jul-96 

7 

-2.5570 

-4.5163 

0.397 

0.3096 

-6 

0 

Aug-96 

8 

2.3757 

9.2798 

0.397 

0.3538 

12 

12 

Sep-96 

9 

-2.8807 

-10.7303 

0.397 

0.3980 

-13 

0 

Oct-96 

10 

-1.7003 

10.9681 

0.397 

0.4422 

10 

10 

Nov-96 

11 

-2.5478 

-0.9250 

0.397 

0.4864 

-3 

0 

Dec-96 

12 

-0.4923 

-12.5353 

0.397 

0.5307 

-12 

0 

Jan-97 

13 

3.0682 

1.4712 

0.397 

0.5749 

6 

6 

Feb-97 

14 

0.2013 

4.0083 

0.397 

0.6191 

-3 

0 

Mar-97 

15 

-2.8776 

-8.6005 

0.397 

0.6633 

-10 

0 

Apr-97 

16 

1.2905 

-3.4254 

0.397 

0.7076 

-1 

0 

May-97 

17 

-3.2473 

1.8155 

0.397 

0.7518 

0 

0 

Jun-97 

18 

-2.0546 

8.3967 

0.397 

0.7960 

8 

8 

Jul-97 

19 

-1.2629 

4.5163 

0.397 

0.8402 

-5' 

0 

Aug-97 

20 

-0.1987 

9.2798 

0.397 

0.8845 

10 

10 

Sep-97 

21 

2.3131 

-10.7303 

0.397! 

0.9287 

-7 

0 

Oct-97 

22 

1.8289 

10.9681 

0.397 

0.9729 

14 

14 

Nov-97 

23 

-1.1438 

-0.9250 

0.397: 

1.0171 

-1 

0 

Dec-97 

24 

-0.5077 

-12.5353 

0.397 

1.0613 

-12 

0 
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Appendix  H:  Comparison  of  Actual  Demand  Versus  Simulated  Demand 


COMPARISON  OF  ACTUAL  DATA  AND  SIMULATED  DATA  (PAIRED  T-TEST) 

Historical 

Model 

Observed 

Squared  Deviation 

Data 

Data 

Difference 

From  Mean 

Month 

Obs(Yt) 

Sim  (Vt) 

dj 

(dj-d*)' 

Jan-96 

25 

29 

4 

12883.46 

Feb-96 

2 

18 

-16 

10224.87 

Mar-96 

2 

0 

2 

14191.97 

Apr-96 

0 

6 

-6 

12333.01 

May-96 

3 

3 

0 

13807.62 

Jun-96 

4 

4 

0 

13743.18 

Jul-96 

0 

8 

-8 

12003.01 

Aug-96 

17 

20 

-3 

12976.61 

Sep-96 

18 

28 

-10 

11518.39 

Oct-96 

7 

6 

1 

14072.86 

Nov-96 

6 

12 

-6 

12415.06 

Dec-96 

9 

13 

4 

12839.59 

Jan-97 

0 

9 

-9 

11597.02 

Feb-97 

0 

4 

4 

12837.40 

Mar-97 

2 

0 

2 

14191.97 

Apr-97 

2 

8 

-6 

12373.93 

May-97 

0 

5 

-5 

12474.64 

Jun-97 

2 

0 

2 

14191.97 

Jul-97 

1 

7 

-6 

12263.87 

Aug-97 

0 

17 

-17 

10019.82 

Sep-97 

3 

11 

-8 

11991.98 

Oct-97 

0 

0 

0 

13719.45 

Nov-97 

0 

0 

0 

13719.45 

Dec-97 

2 

16 

-14 

10711.43 

Sum 

-117.13004 

303102.55 

Ho  :  The  two  populations  are  different 
S^d 


d* 

T  statistics  (To) 

a= 

N= 

*0.05/2’k-l 
Reject  Ho? 


Yes 


13178.3717 

4.8804 

0.0018 

0.05 

24 

2.3979  (critical value) 
(to<  t(a,N-1)) 
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COMPARISON  OF  ACTUAL  DATA  AND  SIMULATED  DATA  (PAIRED  T-TEST) 


bF18)SHHW/RS^> 

Historical 

Model 

Observed 

Squared  Deviation 

Data 

Data 

Difference 

From  Mean 

Month 

Obs(Yt) 

Sim  (Vt) 

dj 

(dj-d*)" 

Jan-96 

34 

47 

-13 

63027.54 

Fet>96 

2 

30 

-28 

55727.83 

Mar-96 

0 

17 

-17 

61198.28 

Apr-96 

0 

30 

-30 

55011.12 

May-96 

0 

9 

-9 

65381.20 

Jun-96 

19 

22 

-3 

68»8.82 

Jul-96 

0 

26 

-26 

56610.84 

Aug-96 

26 

22 

4 

72083.37 

Sep-96 

11 

16 

«6 

67129.45 

Oct-96 

20 

33 

-13 

63273.80 

Nov-96 

20 

42 

-22 

58636.83 

Dec-96 

29 

20 

9 

74622.96 

Jan-97 

16 

33 

-17 

61353.73 

Feb-97 

20 

16 

4 

72205.83 

Mar-97 

6 

6 

0 

69710.18 

Apr-97 

17 

35 

-18 

60608.77 

May-97 

10 

20 

-10 

64689.58 

Jun-97 

30 

35 

-5 

67072.93 

Jul-97 

22 

14 

8 

74296.76 

Aug-97 

7 

32 

-25 

57181.94 

Sep-97 

20 

38 

-18 

60879.41 

Oct-97 

26 

30 

4 

67697.19 

Nov-97 

13 

30 

-17 

60907.48 

Dec-97 

17 

27 

-10 

64422.58 

Sum 

-264.24540 

1542028.39 

Ho  :  The  two  populations  are  different 


67044.7128 


d*  -11.0102 

T  statistics  (To)  0.0008 

“=  0.05 

N=  24 


*0.05/2’k-l 
Reject  Ho? 


Yes 


2.3979  (critical  value ) 
|(to<  t(a,N-1)) 
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COMPARISON  OF  ACTUAL  DATA  AND  SIMULATED  DATA  (PAIRED  T-TEST) 


Historical 

Model 

Observed 

Squared  Deviation 

Data 

Data 

Difference 

From  Mean 

Month 

Obs(Yt) 

Sim  (YT) 

dJ 

(dj-d*)' 

Jan-96 

257 

155 

102 

45907.49 

Feb-96 

104 

55 

49 

71001.71 

Mar-96 

245 

222 

23 

85781.19 

Apr-96 

0 

146 

-146 

212875.51 

May-96 

a> 

325 

-89 

163692.01 

Jun-96 

369 

200 

169 

21701.46 

Jul-96 

0 

152 

-152 

21891471 

Aug-96 

306 

265 

41 

75619.08 

Sep-96 

351 

8 

CO 

48 

71553.04 

Oct-96 

325 

184 

141 

30561.24 

Nov-96 

215 

15 

200 

13442.49 

Dec-96 

278 

256 

22 

86620.45 

Jan-97 

222 

328 

-106 

178096.87 

Feb-97 

85 

0 

85 

53278.65 

Mar-97 

251 

206 

45 

73153.87 

Apr-97 

257 

274 

-17 

110768.54 

May-97 

328 

249 

79 

55868.48 

Jun-97 

284 

409 

-125 

194096.04 

Jul-97 

322 

236 

86 

52716.10 

Aug-97 

42 

143 

-101 

173626.23 

Sep-97 

337 

369 

^2 

121026.28 

Oct-97 

326 

214 

112 

41535.95 

Nov-97 

146 

334 

-188 

254245.30 

Dec-97 

336 

266 

70 

60667.47 

Sum 

315.82168 

2466750.15 

Ho  :  The  two  populations  are  different 


107250.0065 


d*  13.1592 

T  statistics  (To)  0.0006 

“=  0.05 

N=  24 


*0.05/2’k-l 
Reject  Ho? 


Yes 


2.3979  (critical  value ) 
(to<t(a,N-1)) 
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1  COMPARISON  OF  ACTUAL  DATA  AND  SIMULATED  DATA  (PAIRED  T-TEST) 

- 

Historical 

Model 

Observed 

Squared  Deviation 

Data 

Data 

Difference 

From  Mean 

Month 

Obs(YQ 

Sim  (ft) 

dj 

(dj-d*)' 

Jan-96 

5 

4 

1 

96.98 

Fet>-96 

2 

0 

2 

110.72 

Mar-96 

2 

0 

2 

110.72 

Apr-96 

0 

0 

0 

72.63 

May-96 

1 

5 

4 

18.35 

Jun-96 

3 

15 

-12 

9.55 

Jul-96 

0 

0 

0 

72.63 

Aug-96 

8 

12 

4 

22.54 

Sep-96 

11 

0 

11 

381.12 

Oct-96 

9 

17 

•6 

0.25 

Nov-96 

8 

1 

7 

238.45 

Dec-96 

16 

0 

16 

601.34 

Jan-97 

17 

9 

8 

279.42 

Feb-97 

8 

4 

4 

154.37 

Mar-97 

0 

0 

0 

72.63 

Apr-97 

3 

3 

0 

78.40 

May-97 

1 

8 

-7 

2.69 

Jun-97 

4 

18 

-14 

30.30 

Jul-97 

6 

4 

2 

114.48 

Aug-97 

2 

13 

-11 

4.68 

Sep-97 

0 

0 

0 

72.63 

Oct-97 

9 

21 

-12 

14.24 

Nov-97 

8 

6 

2 

114.22 

Dec-97 

7 

0 

7 

240.94 

Sum 

-8.52228 

2914.28 

Ho  :  The  two  populations  are  diffwent 


S^d 

126.7079 

d* 

-0.3551 

T  statistics  (To) 

0.0137 

a= 

0.05 

N= 

24 

^0.05/2’k.l 

2.3979  (critical  value ) 

Reject  Ho?  [~ 

Yes  (to<t(a,N-1)) 
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1  COMPARISON  OF  ACTUAL  DATA  AND  SIMULATED  DATA  (PAIRED  T-TEST) 

Historical 

Model 

Observed 

Squared  Deviation 

Data 

Data 

Difference 

From  Mean 

Month 

Obs  (Yt) 

Sini(rt) 

dj 

(dj-d*f 

Jan-96 

4 

5 

-1 

1159.37 

Fet)-96 

4 

0 

4 

1489.83 

Mar-96 

1 

0 

1 

1267.24 

Apr-96 

0 

0 

0 

1197.04 

May-96 

1 

3 

-2 

1085.48 

Jun-96 

5 

10 

-5 

876.81 

Jul-96 

0 

0 

0 

1197.04 

Aug-96 

0 

13 

-13 

459.88 

Sep-96 

5 

0 

5 

1568.02 

Oct-96 

4 

12 

■8 

717.67 

Nov-96 

1 

0 

1 

1263.22 

Dec-96 

2 

0 

2 

1339.43 

Jan-97 

0 

5 

-5 

855.86 

Fet>-97 

1 

0 

1 

1267.24 

Mar-97 

3 

0 

3 

1413,63 

Apr-97 

2 

0 

2 

1339.43 

May-97 

4 

5 

-1 

1120.39 

Jun-97 

3 

12 

-9 

657.17 

Jul-97 

3 

0 

3 

1413.63 

Aug-97 

1 

14 

-13 

487.94 

Sep-97 

6 

0 

6 

1648.22 

Oct-97 

3 

15 

-12 

525.17 

Nov-97 

3 

3 

0 

1213.06 

Dec-97 

5 

0 

5 

1568.02 

Sum 

-34.59827 

27130.81 

Ho  :  The  two  populations  are  different 


S^d 

1179.6005 

d* 

-1.4416 

T  statistics  (To) 

0.0060 

a= 

0.05 

N= 

24 

VoS/2>k-l 

2.3979  (critical  value ) 

Reject  Ho?| 

Yes  (to<t(a,N-1)) 
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COMPARISON  OF  ACTUAL  DATA  AND  SIMULATED  DATA  (PAIRED  T-TEST) 


Historical 

Model 

Observed 

Squared  Deviation 

Data 

Data 

Difference 

From  Mean 

Month 

Obs(Yt) 

Sim(n) 

dj 

(dj-d-^f 

Jan-96 

1 

2 

-1 

1811.44 

Feb-96 

1 

0 

1 

1991.69 

Mar-96 

3 

0 

3 

2174.20 

Apr-96 

0 

0 

0 

1903.43 

May-96 

2 

4 

-2 

1771.66 

Jun-96 

2 

8 

-6 

1414.37 

Jul-96 

0 

0 

b 

1903.43 

Aug-96 

2 

10 

-8 

1291.82 

Sep-96 

0 

0 

0 

1903.43 

Oct-96 

1 

14 

-13 

942.99 

Nov-96 

1 

0 

1 

1953.35 

Dec-96 

2 

0 

2 

2081.94 

Jan-97 

0 

2 

-2 

1734.82 

Feb-97 

4 

0 

4 

2268.46 

Mar-97 

7 

0 

7 

2563.23 

Apr-97 

1 

0 

1 

1991.69 

May-97 

0 

3 

-3 

1652.86 

Jun-97 

0 

10 

-10 

1144.79 

Jul-97 

0 

b 

0 

1903.43 

Au9-97 

0 

11 

-11 

1093.53 

Sep-97 

1 

0 

1 

1991.69 

Oct-97 

1 

11 

-10 

1153.72 

Nov-97 

1 

0 

1 

1991.69 

Dec-97 

0 

0 

0 

1903.43 

Sum 

43.62833 

42537.09 

Ho  :  The  tiND  populations  are  different 


S^d 

1849.4387 

d* 

-1.8178 

T  statistics  (To) 

0.0048 

a= 

0.05 

N= 

24 

*O.OS/2»k-l 

2.3979  (critical  value ) 

RgectHo?! 

Yes  (to<t(a,N-1)) 
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1  COMPARISON  OF  ACTUAL  DATA  AND  SIMUUTED  DATA  (PAIRED  T-TEST) 

Historical 

Model 

Observed 

Squared  Deviation 

Data 

Data 

Difference 

From  Mean 

Month 

Obs(Yt) 

Sim  (ft) 

dj 

(dH*f 

Jan-96 

0 

0 

0 

2830.75 

Feb-96 

2 

0 

2 

3053.55 

Mar-96 

6 

0 

0 

2836.51 

Apr-96 

0 

0 

0 

2836.51 

May-96 

0 

4 

4 

2409.88 

Jun-96 

0 

10 

-10 

1875.81 

Jul-96 

0 

0 

0 

2836.51 

Aug-96 

0 

12 

-12 

1668.96 

Sep-96 

0 

0 

0 

2836.51 

Oct-96 

6 

io" 

4 

2415.93 

Nov-96 

1 

0 

1 

2944.03 

Dec-96 

0 

0 

0 

2836.51 

Jan-97 

0 

6 

-6 

2279.86 

Feb-97 

0 

0 

0 

2836.51 

Mar-97 

1 

0 

1 

2944.03 

Apr-97 

0 

0 

0 

2836.51 

May-97 

1 

0 

1 

2944.03 

Jun-97 

5 

8 

-3 

2572.92 

Ju!-97 

0 

0 

0 

2836.51 

Aug-97 

2 

10 

-8 

2015.70 

Sep-97 

0 

0 

0 

2836.51 

Oct-97 

0 

14 

-14 

1528.20 

Nov-97 

0 

0 

0 

2836.51 

Dec-97 

3 

0 

3 

3165.07 

Sum 

-63.25893 

63013.84 

Ho  :  The  two  populations  are  different 


S^d 

2739.7321 

d* 

-2.2191 

T  statistics  (To) 

0.0040 

a= 

0.05 

N= 

24 

^0.05/2»k-l 

2.3979  (critical  value ) 

Reject  Hq?  I 

Yes  (to<t(a,N-1)) 
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Appendix  I:  Desired  Number  of  Replication  for  The  Simulation  Model 


Part  Number 

614)478-9 

Forecasting  Mett 

rod  Sin^e  Exponential 

Goal:  Error  or 

O.OSimean 

R. 

MAD, 

R« 

30 

1 

B7S 

alpha- 

0.05 

2 

y.24 

3 

. g.D/ 

Confidence  interval:  avga  > 

.•t(NplW2,R-1)*stddev 

4 

- SOJB 

Using  Excel  fiJKlionTinv.  t  4.i» 

5 

HOT 

6 

SOT 

La 

Mean 

7 

- 57S 

and  so 

8.734 

<5 

9.06 

<=  d 

8 

y./b 

eonfldeoca  interval  is 

0.322 

9 

6.30 

10 

TOOT 

How  many  adtfitional  replicaiions  are  neetled  to  oWMn  a  95%  eoimdence 

11 

9.3b 

Interval  half  length  (epsilofl)  of  ♦,*  epsilon  of  MAD? 

12 

- TOOT 

Assumpbort  sanple  variance  wonft  chai^  nwchl 

13 

9.B^ 

note:  epailon  =  lunKstd  dev)  =  (nirs/(Pf  J 

14 

9.62 

so.. 

*  UwiMrS/epsilon,  and  so  R  - 

,„,*S/epsilon)2 

15 

6.tjb 

16 

- TOOT 

Let  Ro  be  the  sampia  of  SOtepkations  Mead/ made,  and  let 

0.745  I 

17 

”"“~S2S 

Hence,  S, 

0.8632! 

18 

- TO7TO 

19 

10.2/ 

So.  want  to  8nd  R  such  tfwt  end  R  >- X  • 

20 

’  '"rw 

21 

'  ”  H.W 

22 

g2tr 

30 

2.05 

15.203 

23 

- 53? 

20 

2.09 

15.922 

24 

- tot 

17 

212 

1&333 

0.4S 

25 

- o? 

26 

HOT 

Henea,  parfarm  about  R-fio  • 

27 

'■  SISH 

R/- 

30 

28 

- SOT 

R- 

17 

29 

8.24 

30 

TOOT 

Av9«A0-  9.0560  note:  Av  jMAD  =  s«n{MAiyR 

0.745  note:  S/2 = srn<MAO,-AvftMo)^)) 
S,*/R"  0.025  note:  var = ^*/R 

ltd  dev  •  0.158  note:  stddsv  > 


Pvt  Number  et^MTB'S 

Fcreartng  lleOwd:  Ootiie  Expowntal 


Goal:  Error  of  *■  - 

aoSlmean 

R. 

lUA 

R- 

30 

1 

20.92 

Mpha- 

0.05 

2 

20.41 

3 

21.08 

Confidence  inteival:  avp  v  t(atohaf2.  R-l)  *  sfal  dev 

4 

19.87 

Using  Excel  function  Tin 

Z.O» 

5 

20.71 

6 

20.80 

La 

Mean 

7 

20.62 

and  so 

20,737 

<* 

20.93 

<= 

8 

21,56 

confidence  interval  Is 

0.191 

9 

20.33 

10 

21.96 

How  many  additional  replications  are  needed  to  obtadn  a  95%  conflden 

11 

21.21 

interval  half  length  (epdlon)  of  v  epsilon  of  MAO? 

12 

20.97 

Assumption;  swnpte  variwice  wont  ehwige  much! 

13 

20.85 

note;  epcilon  =  (|,i^ii.i)K4ld  dev)  = 

14 

21.74 

so,.  R°’  » t,^«.„*S/epsiton.  and  so  R  =  (t,^^„*S/epsilon)^ 

15 

21.38 

16 

20.78 

Let  Ro  be  the  sample  of30  repfcabons  abeedy  made. 

2261  i 

17 

20.97 

Hence.  S 

0.5106 

18 

20.84 

19 

21.16 

S<^  want  to  find  R  such  thet  RHto,  arid  R  >- X  >  (l,ii,MUM^«FnM 

20 

19.58 

21 

20.85 

22 

21.00 

30 

2.05 

0.997 

23 

21,19 

15 

2.14 

1.096 

24 

20.76 

4 

3.18 

2413 

1.05 

25 

20.45 

26 

20.81 

Hnce,  partorm  about  R4to  ■ 

27 

21.28 

RiP 

30 

28 

20.67 

R- 

4 

29 

21.51 

30 

21.59 

AviHKAD  -  20.9282  note:  AvjMAD  =  stin(MAO/R 

S,*-  0.261  note:  S,*2  »  sum(MAD,-Ava«yiR-1) 

0.009  note:  ver  = 


stddev  ■  0.093  note:  ltd  dev  » 


PertNumbte  61-0«7&« 
Forecirfng  Method  Moving  Average 


Goal:  Enorof*’- 

aOSjmean 

R( 

MAA 

R- 

30 

1 

7.66 

Mpha- 

0.05 

2 

7.50 

3 

7.71 

CcnMenee  intenni:  avga 

♦.-t(^)t»f2,  R-1)*stddev 

4 

8.05 

Using  Excel  function  Tnv 

205 

5 

7.00 

6 

7.48 

La 

Mean 

7 

7.65 

and  so 

7.365 

7.63 

<=  d 

8 

8.44 

confidence  Intotvalis*, 

0260 

9 

7.07 

10 

8.27 

How  many  additional  replicatioRS  are  needed  to  obtain  a  95%  confidence 

11 

7.60 

interval  half  length  (epsilon)  of  epsilon  of  MAD? 

12 

8.54 

Assumption:  sarple  wiance  woritchange  much! 

13 

825 

note:  apidlon  »  8^  dev)  *  (t,^  r.i))*S/(R|’^ 

14 

7.84 

SO..  R“* 

=  U>^fi.i,*S/epsilon.  and  so  R  =  (t,^(i.„*S/epsiton)" 

15 

5.81 

16 

8.19 

Let  Ro  be  the  sample  otSO  repbcatoms  akeady  made.  IK 

2485  1 

17 

7.60 

Hence.  S. 

0.6962 

18 

8.90 

19 

8.55 

So,  w«l  to  find  R  such  that  and  R  >- X  -  (l,.^«^*S/ep8ilofi) 

20 

6.54 

21 

7.35 

wfuiuHr''' 

22 

7.35 

30 

2.05 

12949 

23 

7.41 

20 

2.09 

14.608 

24 

6.65 

16 

213 

15.149 

238 

25 

7.51 

26 

6.64 

Henca,  parfarm  about  RRo  ■ 

27 

8.08 

Rr 

30 

28 

7.96 

R- 

16 

29 

6.87 

30 

8.31 

AV94IA0  »  7.6251  note:  AvfWAO  =  sum(MAiyR 

S>  0,485  note:  S,*2  =  stin(MAI)Ava«c)’/(R-1) 

S,’/R»  0.016  note:  var* 


ltd  dev  »  0.127  note:  ltd  dev  =  (5W  ’ 


PvtNumtNT  61-04780 

Forecxting  Method:  Autoregeision 


Goat:  Error of^- 

205 

mean 

R. 

MAA 

R- 

30 

1 

TOOT 

alpha- 

0.05 

2 

HOT 

3 

'  '"ITOT 

Corfidence  intoKal:  avga  1{dpt«f2  R-1)  *  std  dev 

4 

- TTOT 

Using  Excel  function  Tm 

2.05 

5 

IV.ZJ 

6 

11.4a 

La 

Mean 

7 

- TTOT 

and  so 

11.752 

<= 

11.92 

<= 

8 

TO.41 

confidence  Intorval  Is 

2165 

9 

11.7/ 

10 

12.71 

How  many  additional  leplicatiens  are  needed  te  ofatMn  a  95%  cenfider 

11 

12.01 

inteival  half  length  (epsilon)  of  V  epsilon  of  MAD? 

12 

T2OT 

Assumpdon:  sample  variance  wont  change  much! 

13 

TTTS 

note:  epeilon  » (W-ftR.,Ks«<*w)  = 

14 

11.78 

SO..R”^  =  Wm 

•S/epsilon,  and  so  R  « 

15 

- ^2^ 

16 

TOOT 

Let  Ro  be  the  sample  oOO  repbatioRS  akewV  made, 

2196  1 

17 

- TTOT 

Hence.  S 

244251 

18 

- T2OT 

19 

TTOT 

So,  want  te  find  R  such  teat  R>-«b,  and  R>-  X  ■  (l,,Mi»n.e.r)*Sf«F»lloh) 

20  I 

TOOT 

21 

12742 

vJ^'Rv- 

22 

- TZDT 

30 

2.05 

2.306 

23 

- TTOT 

IS 

2.14 

2.536 

EpeihmSiP 

24 

- TTOT 

6 

257 

2644 

260 

25 

- TTOT 

26 

TTOT 

Henca,  perform  about  RRo  ■ 

27 

T2'.'J2 

R,- 

30 

28 

R- 

6 

29 

- XZM 

RR,- 

30 

- T2OT 

Av^MAD  ■  11.9170  note:  AvgJdAO  =  sum(MA!yR 

S/-  0.196  note:  S  *2  =  suni(MAtMvgwo)V(R-1) 

S,*/1^  0,007  note:  var  =5,^ 


std  dev  "  0.081  note:  ltd  dev  = 
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PgtNumbwfpiatWWRS  t 
Foriosting  Medwd:  Single  ExpenantM 


Goal:  Error  ot 

0.05|meen 

R. 

MAOt 

R" 

30 

1 

10.04 

alpha  • 

0.06 

2 

9.85 

3 

10.13 

ConMenca  interval:  avga 

vt(tepiBQ.  R.1)*stddev 

4 

10.83 

Using  Excel  functkm  Tnv 

Z.OS 

S 

8.43 

6 

11.18 

LCl 

Mean 

ua 

7 

9.81 

and  so 

9.816 

<= 

10.23 

<= 

10.643 

S 

11.08 

tonBdenee  interval  is  *, 

0.414 

9 

11.41 

10 

11,93 

How  many  additional  laplicatiom  an  naadad  to  ottatn  a  99%  eonidenca 

11 

8.15 

interval  half  length  (epsilon)  of  epsilon  of  MAD? 

12 

10.98 

Aswmption:  sample  variance  won't  ctange  much! 

13 

10,95 

note:ap8llon  =  (t(^R,, 

1 

1 

3» 

1 

14 

11.55 

so..  R”’ 

=  WiM)*S/epsiton.  and  so  R  =  {tp^»„*S/epS)lon)‘ 

15 

12.49 

16 

8.95 

Let  Robe  the  sample  of  30  replications  ateacV  made.  ^  1228  | 

17 

10.77 

Hence,  S« 

1.10791 

18 

10.69 

19 

10.96 

So,  ward  to  «nd  R  such  that  R>Hte,  end  R  >•  X  ■  (^^,MUM)*S/ep5llori)‘ 

20 

8.53 

21 

8.85 

22 

9.52 

30 

2.05 

19.SZ9 

23 

10.42! 

25 

2.06 

19.989 

msmm 

24 

11.10 

21 

2.09 

20418 

0.51 

25 

10.27 

26 

10.57 

Hance,  parlbrm  about  R-Ro 

■ 

27 

9.59 

R,- 

30 

28 

8.32 

R- 

21 

29 

9.54 

IW,- 

30 

10.01 

Ayg^MAO  >  10.2233  note:  Av^AO  =  ain{MADyR 

S,**  1.228  note:  S/2  =  sum(MAOi-Avgbe)’/tR-^) 

S,’/R»  0.041  note:  w  =  Sj/R 


lU  dw  •  0.202  note:  std  dev  = 


Put  Numberr" =1815WWfRS  ~  | 
Foroeaating  Mtftod  Ooutee  Exponential 


Goa):  Enorof 

005 

mean 

Ri 

MAD^ 

R* 

30 

1 

57,71 

alpha- 

0.05 

2 

S3.SB 

3 

58.56 

ConhdetKa  intetval:  an^ 

t(apha/2.  R-1)  *  std  dev 

4 

59.67 

Using  Excel  function  Tnv,  \  2.05 

5 

54.78 

6 

60.42 

la 

Maw 

7 

53.64 

wdso 

55783 

<s 

57.41 

[ 

8 

60.45 

ccnddance  interval  Isv 

2129 

9 

64.31 

10 

64.84 

Hew  many  additional  replieaiions  we  needed  to  obtain  a  95%  confidence 

11 

43.09 

interval  half  length  (epsilon)  of  V  epsilon  of  MAO? 

12 

63.42 

AssumpBort  sampte  vwiancewont  chenge  much! 

13 

61.36 

txite:  epeilon 

14 

65.46 

SO..R“®  = 

t,^*.,,‘*S/epsilon,  and  so  R  =  (t„^in)^eps<lon)‘ 

15 

66.12 

16 

54.59 

Let  Ro  be  the  sample  oGO  replications  abeedy  made,  end  let  S,^  S/ =  1 

32503  1 

17 

60.55 

Hence.  S;- 

5.7011 

18 

55.34 

19 

61.34 

So,  w»t  to  find  R  such  thte  R*-«o.  and  R  »  X  >  '"’7 

20 

44.11 

21 

49.65 

22 

52.59 

30 

2.05 

16.499 

23 

57.56 

25 

2.06 

16.802 

24 

64.40 

19 

210 

17.410 

287 

25 

60.90 

26 

54,55 

Hanea.  partemi  about  R-Ro 

27 

55.78 

30 

28  1 

47.91 

19 

29 

51.38 

30 

59.30 

57.4119  Hole:  Av^WAO  «  san(MADyR 


S,^  3Z5C3  P»te;  S/2  =  siin(MADrAv9*«)^l) 

S,’/R*  1.083  note:  vir  = 

stddw  >  1.041  note:  std  dev  =  (5*/R)“ 


UCL 

S9.S41  1 


P»t  HtiwbwTFisiSWW/l^ 
Fcrtcaadnfl  Hthod:  Moving  Averay 


Goal:  Enorof 

♦  - 

0.06 

mean 

R. 

MAOi 

R- 

30 

1 

9.19 

Mpha- 

0,05 

2 

10.02 

3 

10,17 

ConMenca  Mervai:  av^  « 

-t(a%)W2.R-1)*stddev 

4 

11.53 

Using  Excel  function  Taw.t 

5 

8.10 

6 

1073 

La 

Mean 

7 

9.82 

and  so 

9.700 

10.08 

8 

10.48 

confidatKe  interval  is  +,• 

0384 

9 

11.10 

10 

11.53 

How  many  additional  replieaiions  are  needed  to  obtain  a95%  eonfidenee 

11 

7.82 

Interval  half  length  (epsilon)  of  V  epsilon  of  MAO? 

12 

10,67 

Assumption:  swnpto  viriarKe  worn  chan^  tnuch! 
note:  apsilon=  (t|i^^ii.i;)(std  dev)  =  (j;^.  a.ijrS/(R'^ 

13 

11.07 

14 

10.64 

so..R“^  = 

t^„.,)*S/epsilon.  and  so  R  -  (t,^M,*S/epsilon)" 

15 

12.27 

16 

8.85 

Let  Ro  be  the  satnpie  0(30  Fiplicatians  afeeaiV  made,  md  let  S/ -$/ ^ 

1068  [ 

17 

10.15 

Hence,  S,- 

1.02871 

18 

10.62 

19 

10.40 

So,  wart  to  find  R  lueh  that  and  R  >- X  ■  (l,,(,taaiM)*S/Bptik») 

20 

8.41 

21 

973 

22 

10.10 

30 

2.05 

17.414 

23 

10.93 

25 

2.06 

17.733 

mmm 

24 

10.72 

19 

210 

18.375 

0.50 

25 

10.16 

26 

10.40 

Hance,  partorm  about  R4to  ■ 

27 

9.38 

R,- 

30 

28 

8.64 

R- 

19 

29 

9.61: 

30 

10.08 

Avg4IAD  •  10.0838  note:  Av^AIAO  =  srn(MAO)/R 

S>  1 .058  note:  S/2  >  s«ii{MA£>,-AvgMMyy(R-1) 

S,*/R»  0.035  note:  war  =  S,’/R 


std  dev  •  0.188  note:  std  dev  : 


P«1  NumborTTlSiaVW^ I 
FcreciHinfl  Method:  Autoregtsaon 


Goal:  Emxof 

♦  . 

OOsImean 

R 

MADi 

R- 

30 

1 

13.26 

alpha- 

0.06 

2 

12.70 

3 

12.14 

Confidence  intetval;  avga 

K,-t(e^.R-1)*$tddev 

4 

1379 

Using  Excel  toncton  Tnv. 

Z.Ob 

5 

10,45 

6 

13.09 

La 

Mean 

7 

12.35 

and  so 

11902 

<= 

1277 

<Z 

S 

1245 

confictence  interval  is  *.• 

0.369 

9 

13.78 

10 

13.68 

How  many  additional  rapiieadons  are  needed  to  obtdn  a  S5%  confidence 

11 

10.82 

interval  htf  length  (^lon)  of 

epsilon  of  MAO? 

12 

13.03 

Assumpoor 

i;  sarpievan 

13 

1272 

note:  opdlen = (t|«,M.  mjKsW  “  (Swwi,  «.i))*S/(R^7 

14 

12.63 

so..  R°= 

=  *(wwm.i)*S/eps>>OR-  and  so  R  *  (t,.^»,)“S/eps»!on)‘ 

15 

1135 

16 

12.30 

Let  Ro  be  the  swrple  oOO  replieaiions  abiedy  made,  aid  let  S/ -  S/ =1 

0777  i 

17 

11.51 

Hence.  S, 

_ ^ 

18 

12.56 

19 

1284 

Soi  want  to  find  R  aueh  Itat  R>*Ro,  «id  R  >- X  •  (t,^MUn,*SM'tcny' 

20 

11.34 

21 

9.68 

■  .'R  • 

22 

12.46 

30 

2.05 

10.858 

23 

12.35 

15 

2.14 

11.941 

24 

12.48 

14 

216 

12115 

0.61 

25 

11.84 

26 

1190 

HetKt,  perform  about  RRo  ■ 

27 

11.49 

R^ 

X 

28 

11.03 

R- 

14 

29 

1113 

R-R/f  ‘Jfi 

30 

1377 

AvgMAO  ■  12.2715  note:  Avg4IA0  =  sum^)lf< 

S,*"  0.977  note:  S/2  =  sum^ADrAvgfcMJ’/IR-l) 

S.*/R*  0.033  note:  vw  =  S,*yR 


std  dev  ■  0.180  note:  std  dev  -  (S/fR)^^ 


163 


PirtNmnb<rfMa4665-13» 


FowcwMng  Mtttwd:  E)oubte  B^onenfal 


AvHMD- 

S> 


Goal:Enorof 

O-OSlmean 

6oal;Eiroref 

- 

0.(djmeen 

Ri 

MAD, 

R- 

30 

R. 

MAD 

R- 

30 

1 

90.44 

alpha  > 

0.05 

1 

119.69 

alpha* 

0.05 

2 

86.00 

2 

109.96 

3 

7827 

Confidence  inlenal:  avga 

.-t(8taha«.R-1)*^dev 

3 

109.48 

Confidenoe  intsvat;  avga 

.t(abha/2.R*1)*s«de/ 

4 

101.97 

Using  Excel  fijnctnn  Triv, 

2.05 

4 

132.72 

Using  Excel  function  Tmv, 

5 

7251 

S 

96.11 

6 

78.62 

La 

Mean 

ua 

6 

97.16 

La 

Mean 

7 

6758 

andso  f 

81.057 

<= 

84.73  <= 

88.401 

7 

94.31 

andso 

105.848 

« 

110.66 

8 

85.37 

confidanee  interval  is  *.• 

3.672  1 

8 

118.58 

eonfidanw  IntamI  is  V 

4815 

9 

9626 

9 

119.61 

10 

6421 

How  many  addition^  replicalions  are  needed  to  obtain  a  m  confidence 

10 

110.74 

How  ntany  additional  repiieabons  ate  needed  to  ebtein  a  95% 

11 

93.30 

interval  half  length  (epsiion)  of  V  ^lon  of  MAO? 

11 

121.62 

Interval  half  length  (e^lon)  of  ♦,*  epsilon  of  MAD? 

12 

94.70 

Assumpdort  sempte  variance  won't  change  much! 

12 

120.07 

Assumption:  sarrfto  variance  went  change  much* 

13 

86.02 

note;  opdion 

*  dev)  = 

13 

106.76 

note:  apsllor 

=  ft  WNft  dev)  =  «.„)^(R“  T 

14 

79.69 

so..R“=  = 

and  SO  R  =  (t<^«.„*S/epsilon)^ 

14 

9623 

SO..  R°=  = 

t^^„-S/epsilon,  and  so  R  =  (Wn-i)*S/eps 

15 

8528 

15 

118.63 

16 

83.81 

LetRobethosampteof30rep6ca1)onsdreo(Vmade,andWS,’  =  V  =  |  96.697  } 

16 

102.38 

Let  Robe  the  sample  of  SOreplicatow  already  mode,  and  let  S.‘  =  S,‘  = 

17 

80.48 

Het)ce.S,  [ 

9.8335 

17 

109.05 

Hence.  S,- 

U8959 

18 

69.11 

18 

84.30 

19 

113.22 

So,  want  to  find  R  auch  IM  R>-Ro,  and  R  >-  X  ■  (^leMn-n'Stepdienf 

19 

148.27 

So,  wart  tofind  R  such  that R>*«o,  end  R  >•  X  ■  {t,i,i,*w,*StepsH0n) 

20 

97.67 

20 

125.97 

21 

!  8222 

21 

108.03 

WWm- 

22 

70.27 

30  j 

2.05 

22.537 

22 

97.61 

30 

2.05 

22.722 

23 

86.81 

28 

2.05 

22.683 

mirnm 

23 

119.64 

28 

2.06 

22.868 

1 

24 

77.65 

25  1 

2.06 

22.950 

424 

24 

99.42 

25 

106 

23138 

1 

25 

87.11 

25 

111.46 

26 

85.07 

Henco,  perflsnn  M»ut  R.Ro  ■ 

26 

105.88 

Htnee,  peiterm  about  R4to  • 

27 

84.54 

R,-  30 

27 

11300 

R,* 

28 

88.02 

R-  25 

28 

114.97 

R-^ 

29 

75.99 

29 

100.85 

R4t,-| 

30 

78.85 

1  30 

107.41 

96.697  note;  S/2  =  sun(MAD,-AygMuj’7(R‘1) 
3.223  nolB:var=  S,*yR 
t.795  note:  std  dev  =  (S.*/R)*^ 


S.’/R- 

stddev- 


166.304  note:  S,‘*2=sun(MAD,-AvgMMd’/(H-1} 
5.543  note:  var=V/R 
2.354  note;  std  dev  =  {S,’/R)’^ 


Pitt  Humbert  MS24665-134  \ 


Put  Number  rMS2466S-134 1 


Av^btAD- 

S> 

stddw- 


Goal;Eirorof 

♦  . 

0.05|FiwBn 

Goal:  Encrof 

D.Cd|mean  | 

Rt 

MAD, 

R- 

30 

R. 

MAD 

R- 

30 

1 

85.33 

alpha- 

0.05 

1 

115.24 

alpha- 

0.05 

2 

90.31 

2 

112.70 

3 

7734 

Confidence  intenral;  wga 

.•t(alph^.R-1)*stddev 

3 

125.58 

Confidence  ntenot;  avga  t(apha/2.  R-1)  *  std  dev 

4 

9839 

Using  Excel  function  Tmv, 

2.05 

4 

118.70 

Using  Excel  njnction  Tmv.  t( 

5 

7326 

S 

97.50 

6 

77.58 

La 

Mean 

ua 

6 

128.98 

La 

Mean 

7 

66.06 

andso 

80.393 

84.04 

<r 

87.679 

7 

11427 

andso 

120.390  1 

12523 

<= 

8 

84.60 

confidence  biteival  is 

3643 

8 

118.78 

cenfidenee  Interval  is  v 

AMO 

9 

93.14 

9 

129.18 

10 

78.76 

How  many  additional  icplie^ent  ate  needed  to  obtain  a  95%  confidence 

10 

102,57 

How  many  additional  replieations  are  needed  to  obtain  a  95%  confidence 

11 

99.09 

Interval  half  length  (epsilon)  of  V  option  of  MAD? 

11 

135.13 

interval  half  length  (epsilon)  of  V  epaUen  «  MAD? 

12 

9635 

Assumption:  ssnple  variance  wont  clange  much* 

12 

125.11 

Assumption:  sample  vatnnee  wont  change  much! 

13 

90.01 

note:  epdto 

n = m){s«  dev)  =  ’) 

13 

147.57 

note;  epdler 

=  ftKM.  *V)  =  (tj^M.  M5)*S/(Rr^ 

14 

7939 

SO..  R““ 

t,^,^,n)*S/epsilon,  and  so  R  =  (t,^,^«.,,*S7epsilon>^ 

14 

146.60 

so..  = 

t^,^„*S/epsilon.  and  so  R  =  (t,^«.„-s/epsi[on)* 

15 

81.85 

15 

116.14 

16 

86.17 

Let  Ro  be  the  swnple  of  30  replicatiors  akeady  made,  ind  W  S,*  =  S,*  = 

»-^74  1 

16 

131,10 

Let  Robe  the  simple  of  30  replications  already  nwte,  and  let  S,*sS,  = 

163012 

17 

80,07 

Hence,  S.- 

9.7557j 

17 

126.83 

Hence.  S,- 

129619] 

18 

71.75 

18 

132.57 

19 

11288 

So,  want  to  find  R  luchthat  R>-Ro,  and  R  »  X-  (l(*M».i)*Sfepsil(in)* 

19 

12436 

So.  want  to  find  R  such  tiBt  F>-Ro.  wd  R  >■  X  *  (t,4^ii.i)*Stepsilon) 

20 

9036 

20 

12494 

21 

1 

.  ,.R 

21 

125 

-  R  >' 

.'-Wn  i  X, 

22 

1  69.45 

30  . 

2.05 

22.549 

22 

143.10 

30 

2.05  17325 

23 

1  85.49 

25 

2.06 

22363 

23 

116.78 

25 

206  18254 

EpefionSS^ 

24 

1  81.81 

24 

207 

23.069 

420 

24 

122.46 

20 

209  1  13773 

626 

25 

81.00 

25 

10921 

26 

79.39 

Hence,  parfenn  about  R3to  ■ 

26 

11286 

Hence,  parfeim  about  R-Rs  - 

27 

8221 

V 

30 

27 

1  137.47 

R,- 

30 

28 

89.89 

R- 

24 

28 

1  12110 

R- 

20 

29 

75,90 

29 

1  143.83 

30 

78.82 

30 

146.77 

84^1363  note:Av9WAO  =  stfn(MAi:^ 

95.174  note:  $.*2  =  »fn(MADiJtva«o)’/CR-1) 
3.172  note:var  =  S,*/R 
1 .781  note:  s4d  dev  * 


S>  16a012  note:  S,*2  =  s»n(MAD,-AvgMM)^/{R-1) 

S,*jlR*  5.600  note:  ver = 

std  dev  •  2.367  note:  stt  dev  =  {S,W  ^ 
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Part  Numbarr 2Pg»SC-M-B-3 1 


PartNurntMT  |  ZP6S(>-S&*<-bT| 


A»g4IAP>  6.02S2note:  Av94IAO>s(fn(MAOtyR 

S«^  0.128  twte:  S,*2  =  »in^4AIVAvft4«)*/p‘1) 

&*/»<■  0.004  note:  var  =  S,*/R 

std  dov  -  0.06S  note:  sW  dev  »  (S,^;R)*  ’ 


Goal;  Error  of 

♦  .  '  — 

0.05 

mean  | 

Goal:  Error  of  ♦  •  ] 

Ri 

HAOi 

R" 

30 

Ri 

MADi 

1 

6.28 

alpha- 

0.05 

1 

8.x 

2 

6.26 

2 

8.62 

3 

5.93 

Confidence  interval:  avga  « 

.-tfabhW2.  FM)*  std  dev 

3 

8.21 

4 

6.18 

Using  Excel  function  Twv.t  2.05 

4 

7.x 

5 

6.57 

5 

8.45 

6 

6.75 

La 

Maw) 

ua 

6 

8.x 

7 

6.42 

and  so 

5.892 

<= 

6.03 

<= 

6.159 

7 

8.x 

6 

5,70 

eonfidenca  interval  is  ♦,* 

0.133 

8 

8.16 

9 

5.93 

9 

8.11 

10 

6.54 

How  many  addHioiui  refriicadons  an  needed  to  obtain  a  95%  confidence 

10 

7.x 

11 

&S5 

irtatval  half  length  (epailon)  of  ■*>,.  epsilon  of  MAO? 

11 

7.x 

12 

5.83 

Asaurnpbon:  sarnple  variance  worn  dtai^  tnuch! 

12 

7.95 

13 

5.41 

note:epeliai 

=  (tiwMi.  R.t)(std  dw)  -  ay^(R®^ 

13 

7.91 

14 

6.05 

SO..  R°* 

t,^i^„*S/epsilon,  and  so  R  = 

14 

7.67 

15 

5.91 

15 

7.87 

16 

628 

Irt  Ro  be  tt»  sairpte  of30  replications  alread/ rnade.  and  W  ff, = S,^ » 

-  o-ia  ] 

16 

8.x 

17 

6.60 

Hence.  S»- 

835741 

17 

6.44 

18 

5.92 

18 

8.M 

19 

626 

So,  wart  to  find  R  lueh  tint  R>-Ro.  and  R  »  X  -  9(WMAR.4)*S/epsilon)* 

19 

7.x 

20 

5.83 

20 

8.07 

21 

5.82 

21 

7.93 

22 

623 

30 

2.05 

5.888 

22 

7.x 

23 

5.65 

15 

2.14 

6.475 

mmm 

23 

7.te 

24 

6.10 

9 

131 

7.485 

830 

24 

8.41 

25 

6.14 

25 

7.91 

26 

5.5S 

Nance,  pertem  about  RRo  * 

26 

8.10 

27 

5.39 

Rip 

X 

27 

7.M 

28 

6.01 

9 

28 

8.12 

29 

5.81 

R4bp 

29 

8.x 

30 

5.76 

X 

7.73 

Using  Excel  function  Tmv,  t 


How  many  nMtieiMt  repileations  an  needed  to  obtaina  95%  confidence 


SO..  R°^  =  t,^,^„*S/epsilon.  and  so  R  *  (t,^  ,u„*S/epsilon)* 


aoslm 


30 

0.05 


La 


ua 

im 


Hence.  &■!  0.2975| 

So,  wanttodnd  R  such  ttat  Ry-Ro,  and  R>*  X  •  (liieiiiiaitil^apeilcinf 


|.CPWKjlft:jijy^ 


Hence,  pwlbnn  about  R4%9  ■ 


5 


_  _ note:  AvgMAD  =  sum(MAI}« 

S#^  0,089  note:  S^*2 = «fn(MAOAva«i*^(R-15 

S«VR"  0.003  note:  var  =  S,*yR 

tU  dev  -  0.054  note:  std  dev  *  (SW* 


Part  Number  |  ZPOSO-SOM-S-aj 


PartNumber  |  ZPSSO^&M-eTI 


S> 

S/fR- 
std  dev  ■ 


6,6166  note:  AvgWAD  =  sumfMADJ/R 
0.142  note:  S.*2  »  sni(MAI>Av3«o)’/{R‘1) 
0.005  note:  var  ^  ^IR 
0.069  note:  sU  dev  =  (SjR)*’ 


Goel:ERtrof«- 

8X 

mean 

Goal:  Error  d-*'-  | 

R. 

aua 

R- 

X 

R 

HAQ 

1 

6.x 

alpha- 

0.05 

1 

8X 

2 

6.x 

2 

837 

3 

6.76 

Confidence  ntirval:  avgi  t(a|phal2.  R-1)  *  std  dev 

3 

8.24 

4 

6.77 

Using  Excel  fimdion  Tnv. 

2.05 

4 

848 

5 

7.x 

5 

9.23 

6 

7.21 

La 

IteMi 

UCL 

6 

9.x 

7 

7.x 

WidSD 

6.476 

<* 

6.x  <=  ITW 

7 

8K 

8 

6.x 

confidence  IrTtervd  tev 

o-w  ~| 

8 

7.49 

9 

6.x 

9 

8X 

11 

6.19 

btteivBl  hrtf  tength  (epaUon)  of  VapsHon  of  MAD? 

11 

7.M 

12 

6.x 

Aeaumpdon;  sanple  varince  woflctange  mucM 

12 

8.25 

13 

5.K 

note;  eptelon  =  «.ijttlddev)  =  {Ij 

e«i.ut)rS/(R“’) 

13 

7.W 

14 

6.x 

so.,  R°  *  ■  tp^...*S/epsilon.  and  so  R  *  (U«x».„*S/epsilon)^ 

14 

873 

15 

6.44 

IS 

8X 

16 

6.x 

Let  Robe  the  sample  of  3(te|pficatiortsilriad)i  made,  and  let  S.':S^  3 1  |  | 

16 

892 

17 

7.ro 

Hence.  $,■ 

837X1 

17 

9.x 

18 

6.x 

18 

8X 

19 

7.13 

So,  Wirt  to  Ind  R  such  that  RHto,  «id  R  >- X  « (t|dHHaii-q*5tepsilofi) 

19 

9.46 

X 

6.x 

20 

8X 

21 

832 

X 

21 

8.16 

22 

875 

X 

2.x 

5.413 

22 

8.11 

23 

819 

15 

2.14 

5.953 

23 

8X 

24 

7.x 

8 

ZX 

7.236 

I  8X 

24 

8.47 

25 

857 

25 

8.95 

26 

8X 

Hence,  pettonn  about  R-Ro  ■ 

26 

8X 

27 

&X 

>V*  X 

27 

7.x 

X 

6.x 

R-  8 

26 

811 

23 

6.x 

29 

7.x 

X 

6.32 

X 

8X 

S> 
atddev  ■ 


» 

0.06 

Confidence  Menal:  avp  «  -  t(abtaf2.  R-1)  *  std  ttev 
Using  Excel  hnctianT  2.05 


land  so 


cittfineen'n 


La 

bv 


8.47 


ai9S 


ua 

faei^ 


How  many  additfonal  raplkadoM  era  needed  to  obtain  a  95%  confidence 
intotvalbalf  length  (apa»oii)ef«.-efwH<»  of  MAD? 

Assumpdm  sanpte  vanarn  wont  dwnge  nwch! 
note;  epailon  =  «.0(s«  *»)  =  Piw-i 

so-  and  so  R  » (t^,^„*S/epsaoo)2 


e.  S.  ■plSZSiOl 
Iso,  wart  to  1W  R  s«h  tiat  R-4to  ind  R  >•  X  * 


Z05 


ZW 


Z31 


0l42| 


Hence,  pertonn  about  RRo  ■ 

30 

Fto  9 


0.280  note;  S.*2  »  sun(MAl>Av3M)’/?^'1) 
0.009  note:  var  = 
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PutNiimberr  2-1517  | 

Fof<cirti)g  MtOwd-.  Single  E>pqnBntial 


PirtHutwbtrr  2-tS17  | 

Forxaittig  Hefted:  Double  Exponenfai 
Goii:  Error  ol«-  O.OS|it 

^  I  ma5  R* 


6.30  Confidence  rtotvel:  evga  ■*;“  R-i)  *  std  dev 

6.30  Ussig  Excel  ftnctionTi  2.05 
"  6.61 

6.28  la  «l»n 

6.36  and  so  I  6.488  |  <=  _ 656 _  <= 

6.80  conBdwce  Intefvil  Is  V  I  0.072  I 

6.61 

6.42  How  miny  adcfitional  replicefione  are  needed  to  obtain  a  95%  confidence 
6.59  Intarv^  half  lengih  (epsilon)  of  epsilon  of  MAO? 

6.57  AiwmpHai;  sample  variance  wontchangB  much! 

6,67  note:  epdion  *  wjlstd  dev)  =  ) 

598  SO..  R°-^  =  l,»«wrS/epsilon.  and  so  R  -  «.„*S/epsilon)^ 

6.^  _ 

6.74  Let  Robe  the  sample  of  30  mplicafionsalfeBdy  made,  and  le<S,*  =  S.^=  |  0.C37 

"Tg  Hence,  S.=  |  0.1^ 

6.36 

6.76  So.wanttellndRsuchthitRx«ot«KlR>=X  =  (lj^w,,*Stapiaonf 


Hence,  perferm  about  R-Ro  a 

Rr  30 

R= _ 4 

R4v|vgr2^ 


20 

6.68 

21 

6.50  n  We  ' 

22 

6.55  30  2.05  1.441 

23 

6.24  15  2,14  1,564 

24 

6.90  4  118  5488 

25 

6.69 

26 

6.47 

27 

6.51 

28 

6,51 

29 

6.54 

30 

6.40 

AvgMADs 

6.5602  note:  AvpMAD  =  swnp4ftq)fR 

0,037  note:  =  sim(MAE>Avaw,)V(R-1) 

S.VRs 

0.001  note  ver  =  S,^/R 

std  dev  s 

0.035  note:  std  dev  =  (S.’/R)®* 

6.53  dphaa  0.05 
6.40 

5.99  Confidetwe  irteival:  avga  t(a^i(a!2,  R-1)  *  std  dev 
6.05  Using  Excel  function  2.05 

Ta 

6.06  ICL  Mien 

6.02  andsQ  (  6.184^  <=  _ 6  2S  _  <= 

6. 49  cenfidenee  jfitarval  to  I  0.066  I 

6.28 

6.09  How  many  addibooal  rapticadons  are  needed  to  obtain  a  95%  confidence 
6.28  intoival  half  length  (epsilon)  of*.- epsilon  of  MAD? 

6^  Asstttnptko:  sample  variance  wenl  change  rwJcW 
6.35  iwte  epsilGn  =  (t(i^  dev)  *  (tnuMj. «-»)  )*S/(R  *) 

SO..  R°  *  =  t,^«.„*S/epsilon,  and  so  R  =  (W^„"S/efB»lon)2 

6.03  _ 

6.42  Let  Ro  be  dw  sample  of » replications  akaedy  made,  and  W  S,* »  S,*  =  \  0.831 

6  26  Hence.S,g|  0.1^1 

6.11 


19 

6.41  So,wwittofiiMlRwchl 

20 

6.38 

21 

6.18 '' trew*  ' ' .. 

22 

6.24  30  2.C6 

23 

6.00  15  2.14 

24 

6.56  5  ^7B 

25 

6.36 

26 

6.12 

27 

6.17 

28 

6.28 

29 

6.29 

Hence,  pertonn  about  R-Ro  s 


6.2502  note;  AvgWAD  =  ain{MADyR 
0.031  note  S,*2  =  surnfMADiAvaMylflR-l) 
0.001  note:vaf=S,’/R 
0.032  note;  std  dev  =  (S,*/Rf^ 


2-1517  I 

<hod:  Moving  Average 


PirtKutnberl  2-1S17 
Fwacasting  Method;  Autere! 
Goal:  Error  of  ♦- 

K  I  5a5“ 


529  Confidence  interval:  avga  ^alphaf2.  R-I)  *  ^  dev 

5.46  Using  ExttI  function  Ti  2.05 
5.66 

5.55  La  Mew 

523  end  so  I  5.491  1  <=  _ 555 _  <=  [] 

5.80  confidence  Intefvalbv  I  0-059  { 

5.47 

5.37  How  many  additloftaJ  replications  are  needed  to  obtMn  a  95%  confidence 

5.55  interval  half  length  (epsilon)  of  epsilon  of  MAD? 

S61  Assumpden:  sample  variance  wont  change  much! 

&73  note:  epnion  =  (t,^  *.,^sld  dev)  = 

5^88  SO.,  and  so  R  =  (tjipi^n.i)*S/epsilon)^ 

~Ta  _ 

5.70  Let  Robe  the  am^  30  fepfieatioosatBsdy  trade,  and  let  s,’  =  s,*  =  [__a^__j 
"T54  Hence.  S.-  |  0.1592| 

S.S2 

5.56  So,  want  to  find  R  such  thMR>-Ro.  end  R>-X-{t(iip(,*»i,*Sfepsllon)* 

569 

S4e  - 

* _ 12! - 

5.33  15  2,14  1.514 

~l74  5  I  278  I  2537  I  028 

5.65 

5.41  Hance,potfenn  about  R-Ro» 


7  Confidence  interval:  avga  ♦.*  l(alphaC,  R-1)  *  ^  dev 

7  Usng  Excel  function  rn  2.05 
9 

5  la  Mew 

Sandso  |  5.039  |  <=  _ 5W _  <= 

0  confidence  inlerval  bv  I  0955  | 

2 

3  How  many  addlBoiwI  repllcafions  are  needed  to  obtain  a  95%  confidence 
0  interval  half  length  (option)  of  e^ilon  of  MAD? 

0  Assumption:  sanpte  variance  wont  change  much! 

9  note:  ep^on  =  (ti^wi.  imjXsW  if®'*) "  C(w**o.  n-t))*6/(R'^ 

i  so..  R“  =  =  t,^,^„*S/efKilon.  and  so  R  =  (t,^»„*S/epsitort)^ 

8  .— 

7  tJtRobelheampl^30roplica1jcreakeadyrnade,andletS,*  =  S,*=  |  a022 

S  Hence,  S,»  |  ai472| 

1 

T  So,wantte«ndRsueMt»tR>Hto,andR>«X-|l,^iM,*S/epslton)* 

0 

2  30  2.05  1.397  _ 

T  IS  2.14  1.537 

0  5  2.78  2575  _ 52 


Hence,  perfbcm  about  R-Ro  • 


R,-  30 

R-  S 


55508  note:  AvgMAD  =  sunptADJfl^ 

0.025  note:  S,*2  =  stfn(MA0i-AvgH«)*f{R-1) 
0.001  note:var=S/yR 
0.029  note:  sM  dev  *  (S,’/R)“  ’ 


0  note:  Avg^MO  =  sum(MADJ/R 
2  note:  S.'*2  *  sum(MAD,Ava4«,)*/(R-1) 
1  note:var  =  s//R 

7  note:  std  dev  =  {S,’/R)” 
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Pirtttombwl  622-2362-001  | 
FofBCMting  Mrthod:  Single  Exponentiat 


Goal:  Error  of 

0.05  [mean 

R. 

MAO) 

R- 

30 

1 

3.67 

alpha* 

0.05 

2 

3.71 

3 

3.98 

Confidence  ntarvat  ivga  t(a]pha/2.  R-l)  *  std  dev 

4 

3.65 

Using  Excel  funebon 

Z.D5 

5 

3.65 

6 

3.82 

La 

Mean 

UCL 

7 

3.94 

andso  i  3.782 

<s 

3.83  <=  !  3.677 

8 

3.70 

confidanca  interval  is  V 

0.048  1 

9 

3.85 

10 

3.81 

How  many  additionai  replications  are  needed  to  obtain  a  95%  confidence 

11 

3.94 

interval  half  length  (epsilon)  of  epsilon  of  HAD? 

12 

3.99 

Assumption:  sample  variance  woni  change  much! 

13 

3.87 

note:  epsilor 

“(Wn-iiKsW**) 

14 

3.76 

so..  R”  = 

t,^^^B.t,*S/epsllon,  and  so  R  s 

15 

4.01 

16 

3.63 

Let  Robe  the  senior  30  refdicalions  already  made,  and  let  I  0.016  | 

17 

3.66 

Hence,  S,- 

Itl^ 

18 

3.64 

19 

4.11 

So.  want  to  find  R  such  that  R>«Ro,  and  R  »  X  -  (ti^Maii.i}*S/epsiton)' 

20 

3.72 

21 

3.85 

w« 

'  • '  5t 

22 

397 

30 

2.05 

1.863 

23 

4.00 

15 

2.14 

2.049 

24 

3.84 

5 

2.78 

3.434 

I  0.19 

25 

3.76 

26 

3.89! 

Hence,  perform  about  R-Ro  * 

27 

3.86 

R,*  30 

28 

3.83 

R-  5 

29 

3.71 

wfilfIPal 

30 

3.85 

Avg41AD  ■  3.8295  note:  Avg-MAO  =  sum(MADi« 

S,*"  0.016  note:  S,*2  *  sam(MA0rAvaMDf/{R-1) 

S,*/R-  0.001  note:  war  =  S,’/R 


std  dew  >  0.023  note:  std  dew  =  ‘ 


PirtHufnbeffi22-2362-001  \ 
Forecuttng  Hethod:  DoUMe  Eitponential 


30 


CooUence  intorval:  avga  t(a^ha/2.  R-1}  ’  std  dev 
Using  Excel  fijnctioo  2.05 


La 

landso  |  6.790  | 
confidence  interval  is 


0.05|m( 


R- 

alpha* 


30 

0.0S 


c 


How  many  additional  replieatioin  are  needed  to  obtain  a  95%  confidence 
inteival  half  length  (epsilon)  of  epsilon  of  MAD7 
AssumpHon:  sample  vahanoa  woirt  change  much! 
note:  epsilon  *  R.flHstd  dinO  = 

SO..  R°  ®  =  Vrt*.„*S/epsilon.  and  so  R  =  (t„#^M,*S/epsilon)^ 


1^  Ro  be  tre  sample  of  30  replications  already  trade,  and  let  S,’ s  = 


Hence.  S.*ro56i] 

So,  want  to  find  R  such  that  and  R  >•  X  • 


Hence,  perform  about  RRo  ■ 


R^ 

R- 

R-R^g: 


Awg4IAD  >  6.6741  note:  AvgAtAD  =  sun(MAO0fR 

S,*»  0.051  note:  S»*2  =  sum(MAD,'Av9*u!)*/(R-1) 

S.’/R»  0.002  note:  war  e  S,'/R 

std  dev  •  0.041  note:  std  dev  =  (S,*/R)” 


OwtHmnberr  622-2362-001  | 
Fereceebitg  ■ethod.  Mowing  Average 


29 


30 


AW94IAD* 

S.^ 
S,^ 
atddav  ■ 


4.13 


e.es|mean 


Pert  Number  re22-2362-001  [ 
ForecaeSng  Methed  Antwepieeon 


I  I  ■ 

le*.- 


HowmanyaddhiotMl  raplicationf  ate  needed  to  obtain  a  95%  confidence 
lintarval  half  length  (epsilon)  of  optilon  of  MAO? 
lAsaumpdOT-.  saiplevttianee  went  change  much! 

epadon  =  (t(WMa  6ev)  s  ((^M.  e-tiTOflR*^ 
so-  -  t^«.„*S/ep5ilon,  and  so  R  « (t„^,^,>*S/epsilon)’ 


|uRo betheeettptocf»ripicaeiooi Weedy nwde. end WS.^  I 


Hence.  S,*[~o!i57{ 

So,  wenttoflnd  Rwich  Wat  R>-Ro.  and  R»*X  ■  (tj^mae^i'SlipeliM)* 


Hmca;  patform  about  RAto  • 


A1146  note:  AwgAIAOsumIMADJfft 
0.021  note;  S,*2  =  sun<iyiADrA»®;«o)*/|R-1) 
aOOl  rote:¥W=S,’lR 
0.026  note:  dd dews ^’/R)“ 


30 


Con6danoe  Marvat  avga  t(aphW2.  R-1]  *  ltd  dev 
UwgExcd  function  Ti  2.05 


landso 

confidence  IntennI  It  v 


3.52 


3.S 


0.05{ineen  1 


1 


How  nuiiy  additionai  replications  are  iieadad  to  Obtain  a  95%  confidanca 
[inlNval  half  Iwigth  (apsiloo}  of  epaBon  of  HAD? 
mpden:  laiplevwienoe  went  change  nexh! 

-  ere»o«  =  (l(wert«.i)X*tdde*)*(l,<,wie.ir5f(R“) 
so..  R®  *  » t,.^n.„*S/ep^lon.  and  so  R  ■  (t«Mo.pn)*S/«psilon)* 


LttRebetheianpleof30iepicWicniWeadyinade,andletS.^  =S,*=  ^ 
Hence. S.>  |  o!l^ 


iSo.  went  to  find  R  each  that  lb«4to.  and  R  >«X  •  (t(cpMi*4)*S#ept«on)* 


22 

23 

3.01 

3.62 

30 

IS 

Z05 

2.14 

Z.ZZ4 

Z446 

dpafenrWM*: 

0.21! 

24 

3.43 

3 

4.30 

9.642 

0.18 

Hence,  perform  about  R<4to  * 


AvgAUO  •  3.5124  noW  Awg«AD  = 

S,^  0.016  note:  S.»2  =  eum(MAD,.Awa«)’/p-1) 

S,’/R»  0,001  note:  war  =S»’/R 

etddew*  0.023  note: ttd dev » (S,’7R)” 
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OH1030-24^00CS 


FortCTXtBg  Mtttwd  Singit  byocwnW 


Pvt  Number  ^ 
Fof«c»t<lng  Method:  D 


AvffMAO- 

S.*- 

S.^ 

ftddM  - 


CenfidetK*  eitmvit  wgi  t(i^ha^  R-1)  *  ad  deu 
Using  Excel  fundienTi  2.0S 


iwdse  I  4.780  | 
eenfldenoe  litteml  I* 


How  many  adftional  nptkatkms  am  nMdad  to  obtain  a  9SS  confidanco 
{intMval  htf  length  (ipaiion)  of  *r  •ption  of  MAO? 

wime  won't  dtangomucH 


note:  egnUon  =  R.tK*W  M  =  Piwmo.  n-nTS/p'^*) 

SO-.  ®  "  t,»w5.R., 'S/epsilon,  and  so  R  =  (t,*^R.,>*S/epsilonr 


5.44 


4.7SI 


'o.w|[mi 


ua 


LetRobe1he»®iide<d30ieplctlioo*Bkeotfifiiado,aiidtotS,*=S,*=  |  0.W  1 

H«ioe.S,-  I  0,^1  [ 

So.  wantteflnd  R  aueh  that  RHto,  and  R»  X  ■ 


Iknce,  parferm  Mmut  R4toB 


R^t^r  :  :  m\ 


4.8865 

0.081 

0.003 

0.052 


note:  Avg^lAO  -  swiyMAO,  VR 
note:  S,*2 = *tifn(MA0,^»*of/(R-1) 
ne^w^sJ/R 

note;i«de»  =  (S.*/R)‘^ 


30 


S.*- 
S,*/R- 
etddev  > 


.•..•t(abhar2.R-t)‘stddw 
lUdng  Excel  function  T  2.05 


0  I  4168  I 
IcenfldencelTitarral  liV 


How  many  addiboflal  replications  am  needed  to  obtain  a  95S  c 
jintoival  half  length  (eps»en|  of  epeilon  of  MAD? 

ee  won’t  change  tmidi! 


454| 


442| 


_ 4^ 

_ 4^ 

410 

_ 4^ 

_ 4^ 

_ ^ 

42654 

0.069 

0.002 

0.048 


0.05[iw 


30 

0.05 


note;  epelkm  s  (ttaewi  a.ijK*^  dev)  =  r.i)J*S(R^ 
so..  R°*  »  t,^.*.„*S/epsilon,  and  so  R - 

Let  Robe  the  temple  cf  30  tepfcatienaabeedy  made,  and  lets,*  =S.^  = 
Hence.  S.e[~e.2618l 

So,  want  to  find  R  tudi  1hatft>*Ro.  and  R>»X  • 


Wx 


Hance,  perform  about  R4to  * 


Ri- 

R- 

R4t,- 


nelr/Wg44AO  =  Km(UAO>R 

S,*2  =  toin(MAa-Aa»no)*7(R-1) 
noto:wsS,’/R 
note;  ltd  dew  =  (S,’/R)’  * 


Part  Number 
Forecasting  Method: 


29 


'  30 


PHI  030-24600^ 
:  Moving  Average 


Ava4IAD» 

S,*/R= 
sUdev  = 


4.67| 


4.76| 


4.74! 


4.371 


Confidence  interval:  awga  *•  ^alpha/2,  R.1)  *  std  dev 
Using  Excel  hnetion  2.05 


4.90' 


5.14' 


5.32! 


4.491 


5.071 


LCL 

land  so  j  4.6^ 
confidence  intemi  is  V 


4.55 


4.70| 


4.57 


4.94 


S.21 


5.031 


4.90 


4.79 


4.77 


5,52 


0.05|me3n  | 


R  = 


30 

0.06 


0.112 


DH103O-24-^00CS 


4.67  How  many  additional  replications  are  naodod  to  obtain  a  95%  contidenea 
5.33  interval  half  langth  (epsilon)  of  +,-  apsilon  of  MAD? 

4.^  Assumption:  sarnple  variance  won't  change  much! 

4^52  note;  epsilon  s{t(*r»(tfte)(sW  dev)  =  (t(U(rwzB.T))*S/(R®*) 

SO..  =  WR-i;S/epsilon.  and  so  R  =  (t,^ p,;S/epsilon)2 


4.48  Let  Robe  the  sample  of  30  replications  atready  made,  and  let  So* =S»*=  |  0.090 

Hence,  S.g|  0.3004| 


So.  want  to  find  R  such  that  R>eRo,  and  R  X  -  apMt»D*S/epsilon)i’ 


Hence,  perform  about  R-Re  * 


4.66, 

4.8071  note;  AvgMAD  =  sun(MADi)/R 
0.090  note:  S,*2  =  siiti(MAD-Av9«d)^/(R'‘I) 
0.003  note:var=S,*/R 
0.055  note:  std  dev = (S,*/R3“ 


Pr 
R= 

r-Ro*^233 


Avg<MAO* 

S.*= 

S.*/R= 

std  dev  s 


Goal:  Error  of*- 

■ 

0.05|mean 

R. 

MAD, 

R* 

30 

1 

3.94 

alpha  = 

0.05 

2 

4.42 

3 

3.93 

Confidence  interwl:  avga  t{^pha/2,  R*1)  * 

4 

3.85 

Using  Excel  fuiction  Tmv,  tpea 

i:.u3 

5 

4.02 

UCL 

6 

4.03 

LCL 

4.919 

7 

4.69 

and  so 

3.961 

<= 

8 

3.83 

confidence  interval  to  *,• 

9 

4.20 

10 

3.91 

How  many  additional  replications  are 

11 

4.48 

intenrel  half  langth  (epsilon)  of  eftoi 

12 

4.07 

Assumption;  sample  variance  won't  changa 

13 

3.99 

note:  epsilon  =  (tduM  iniKs^dev)  =  (t(up«i 

14 

4.16 

SO..  R°^=  tt^„.„*S/epsiIon,  and 

15 

3.77 

1 

16 

3.90 

Let  Ro  be  the  sample  of  30  replicagons  Mead 

17 

3.80 

Hence, 

0.2J47 

18 

4.01 

19 

3.83 

So,  wtort  to  find  R  such  that  R>»Re.  andR 

20 

3.87 

21 

3.81 

•  ".X  .= 

22 

4.18 

30 

2.05 

5.620 

1 

23 

4.25 

15 

2.14 

6.180 

1 

24 

4.16 

10 

2.26 

6.875 

25 

4.02 

26 

3.92 

27 

3.87 

23 

4.38 

I 

29 

4.37 

30 

a82 

4.0491 

0.055 

0.002 

0.043 


note:Avg-MAD  =  ain(MADJfl^ 
note;  S/2  =  siiTi(MAD-Avfti«)*/(R-1) 
note:  var=S,*/R 
note:  std  dev  *  {S,*/R)*‘ 
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Appendix  J:  Forecasting  Errors  Using  Simulated  Demand  Data 


Hittlaiyii 

■^Hl 

■H^H 

I^^HI 

HilH 

iHiHii 

HUJH 

IH£HI 

HUH' 

HUIH 

HhJH 

■u^l 

HmJH^ 

iEiHII 

HUi^^ 

^HJEI 

■HHli 

HUHI 

■Ki^E 

HKHH 

hhh 

HIHI 

HD^I! 

HUHi 

HHU 

HH^ 

HHHI 

HHOI 

■Hl^l 

HHEEQI 

■HEESI 

HHOI 

HEEQI 

^■Hi 

HEEEl 

BjjjUH 

HH^I 

^EIH 

HHHI 

HUH: 

^H^Q 

■HE 

HHES]i 

HEHI 

Mmi 

iHBOi 

■EDEill 

KHIj 

■EEEII 

Hi^l 

HKIHI 

HHHH 

I^H^H 

HOHI 

HDHi' 

I^I^H' 

■HHQ 

■HE 

hhoi 

■KIE 

IHKIS 

H^BES 

lEBSQ 

^■DEDI 

■■■■ 

HESS 

BHCE 

HBJH 

hhh 

I^EIH 

HHBI 

HCiH' 

■BHI' 

iHHlS 

■HKS 

HKHI 

^HEEQI 

■EKES 

HHEli 

^■^■1 

■EUSI 

^^EE) 

HUH 

mgiiii 

HEi^l 

— 1 

^■DHI 

i^HSS! 

BBHd] 

■■E^l 

HUH 

HHOm 

HESZII 

HiEZiSI 

IHI^I 

HUH' 

BEOE! 

IIIH03 

HUH 

HDH 

HUH 

^H^l' 

^^H[S 

HHEi 

H^E 

■^KiDI 

^■Hi 

HHHII 

HHO' 

HH^I 

^HEI 

■EiBE! 

hUbd^ 

gmy^i 

IHDHi 

hb^i 

HIE^H 

hhh 

HUH! 

■HE) 

■IHZS^ 

HHH 

HHEII 

■HHI 

HH^ 

^HSO 

^■■^1 

I^EESI 

IIHEE' 

^^EEQ 

■HOE 

IHJH 

HHHH 

HHH' 

^HHI 

HHQ 

j^^EZS' 

■HE) 

■HCBI 

HUH 

HK^ 

^■0)0 

m^Hzni 

■H2DI 

HUH' 

11^^23. 

HHE 

^HUHI 

HBHi 

HUH 

^■Hil 

HliHi 

HHE 

HH^i 

■■^^ 
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Appendix  K:  Final  Non-Parametric  Test  on  Simulated  Demand 
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F  («,  Ki,  Ki) 
Reject  Ho  ? 


150  IR(> 

4  2 

3 

447 

32  (T  statitstics) 

0.010 

3.826  (critical  value) 
Yes  (T2>F) 


0.99  I  2.58688 


R>  Tcriticai;  next  level 

Note:  Adapted  from  Conover,  J.  1980:  300 


I  1^  ^-a/2 


2b(A,-B,) 

(b-m-l) 


Low  Demand 
Common 


Treat 

Rank 

F1 

278 

F3 

339 

F4 

425 

F2 

458 

Note:  This  test  include  the  results  obtained  in  ME,  MAD,  and  MSE 
for  each  individual  of  the  50  replication. 
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178 


Ho:AI)  Forecasting  Techniques  are  equal 

l)=  150  lR(Xij)r  4500 

Vf  4  574682 

Ki.  3  As.  4500 

Ks.  447  B,.  3831 

Tj.  18  (T  statitstics) 

Overall  p-value=  0.010 

F  (“,  Ki,  Ks)  3.826  (critical  value) 

Reject  Ho?  Yes  (T2>F) 

Repairable 

High  Demand 
Specific 

a 

tl^.99f2,1119 

0.99 

2.58688 

R>  Tcrticai;  next  level 

Note:  Adapted  from  Conover,  J.  1980: 300 


I  ^l-a/2 


(b-m-i) 


Treat 

Rank 

F3 

314 

F2 

331 

FI 

405 

F4 

450 

Note:  This  test  include  the  results  obtained  in  CFE,  MAD,  and  MSE 
for  each  individual  of  the  50  replication. 
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Appendix  L:  Cost  Comparison  Current  System  versus  the  Forecasting  System 
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